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INDIGOID DYESTUFl^^ DERIVED FROM CHRYSOQIJINONK 


Vi^HWAJTT Lal VajRma an'd SiKHiumrsHAN Drrrr 

CiiKMiBTHY Dkiuktmknt, Ujjivkrmtv OF Allahabad 
Received Marcli 29, 1938 
SUMMARY 

1 > Like phenanthraquiBone, chiyBoquinaiie also condenBCM with aromatic phenols and other 
aiioiflflr AlibfftaBces with formation of indigoid dyestuffs. 

2* The condeuBations take place in presence of acetic anhyilride and a flnndl quantity of eoncen- 
tj^aMl Bulphurlc acid. 

5 The condensf^tioa products arc dark brown or black u coloui ai d dissolve compieti I j in 
ft^Uao aodium hydrosulphite with formation of d irk Inoni s lutu i s 

4 Cotton ifi weakly dyed to light bronu or ^rey sha los fri m th hj li suii hitc vtd aj; jiaronth 
Ate to the jgxtr aDInity of the cotton fibre for the dyestufl 

fk Ihe freely precipitatod dyestuffs dye wool much better an 1 lecfti shades from a bath 
aeidifi^ with dilute acetic acid 

Chryaene ul oue of tho rare hydrocarbons of coal tir occurring in the hii^ter 
boRiiPt|l( frnctiona which pass over between 430’ — 470’< In the crude state it has got 

fj^ldc^ellow oolottr (chry 80 S-= golden-yellow) and the nauseating odour of hot 
pftoh But earefuJly purified rm the picrate it becomes converted into no 
iww of silver-white leaflets with n pale violet fluorescence 
k «fct present m technical or commercial use for chrysene, although it 
kk the hii^r boiling fractions of coal-tar and also in pitch in quite high 
IliteaUj It om be expected that if some techuical utility could be 
i?t would indeed be a very important thing from the 
0 <^«Hroial point of view 



OHFiMISTUY : YimWASlT I.Ali VABMA ANT) ^HCElBHtTSHAK DtTTt 


Tho constitution of chrysene has been established as naphth-phcnanthrene, 
and like piienanthrene on oxidation it yields a very interesting substance, chtyso- 
quinone, whici) is an alpha-diketone. In a previous investigation, Singh and 
Dutt® have already shown that anilinoderivaHves from ehrysoquinone as well as 
condensation products of chrysoquinone with aromatic ntnines have got interesting 
tinctorial properties, and many of them dye wool from an acid bath and cotton from 
a hydrosulphite vat in the same way as the corresponding dyes derived from 
phenanthraqiiinone prepared by Mukhciqce and Watson/ In view of Frledlander^s^ 
work on Ciba Scarlets and their derivatives obtained from aromatic o-diketoues by 
condensation with other secondary constituents such as tesorcinol, a-naphthol, 
1 : 5*dihydroxy-nnphthalene, 2-hydroxy-thionaphthenc, &c., and also Friedlauder and 
BozdzigV’ “ work on similar lines, it was naturally expected that perhaps 
chrysoiiuinone also would >ield similar indigoid derivatives on condensation with 
appropriate secondary constituents This expectation has been realised and 
ehrysoiiuinone has now been successfully condensed with the following secondary 
oonstitueritfi : 

a-naphthol, p-naphthol, catechol, resorcinol, pyrognllol, phloroglncinol, l:4-dihy^ 
droxy-naphthalene, 1 ; 5-dihydroxy-naphthalene, thiohydantoin, 1 ; 3-diphen) Ithio- 
barbituric acid and 2-hydroxy-thionaphthene. 

The condensation products mentioned above are very dark-brown and in 
many cases black substances which are soluble in alkaline hydrosulphite vat and 
^ dy^ cotton to somewhat light shades of brown and grey, due apparently to the poor 
affinity of the dyestuff for cotton. When freshly precipitated from strong sulphuric 
acid solution, they however impart much better and deeper shades on wool from an 
acid bath. The absorption maxima of these dyestuffs have been appended at the 
end of the paper in a tabular form. 

The condensation of chrysoquinone with secondary constituents takes place 
in presence of acetic anhydride and concentrated sulphuric acid in the fp^owing 
manner, with fonnation of indigoid derivatives : 



V 

Chrysoquinone 


a-naphthd 
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IKUIGOID DVESTtrFrS DERIVED FKOM CHKY60QUINONE 
ExI'EIUMEXTAL 

I >epui (ihnii of chrysoguiHOfie, : o {jratns of chrysene in fine powder was taken 
in a 600 c.c. flask, to which a solution of 22 gi-ams of sodium dichromate in 50 c.c. of 
Klacial acetic acid was added. The mixture was refluxed for about 9 iiours when 
the colour of the product changed to dark green, and about 50 percent of the total 
yield of chrysoquinonc crystallised out. While still hot, the reaction mixture was 
added to an equal volume of hot water, wlien the separation of the qiiinone was 
complete. The quinono was washed free from chromium salts first by dilute 
hydrochloric acid and then with water. After drj'ing in the steam oven, the 
product was crystallised from glacial acetic acid in glistening orange-red needles, 
melting at 239°C. Yield, 5’2 gma. 

Chrysthioindiyo : — 



A mixture of ehrysoquinone (2'58 gms.), 2-hydroxy-thiona])hthcne (I’-ffi gins.), 
and acetic anhydride (80 c.c.) was treated with conccntr.itcd sulphuric acid (I c.c ) 
and the mixture refluxed for two hours on a sand bath, when a black precipitate of 
the chrysthioindigo separated out from the hot solution. This was filtered 
off, washed several times with alcohol and water and dried in the steam oven. 
It Was next crystallised by solution in a mixture of uitrobenxene (1 part) 
and glacial acetic acid and gradual addition of ether to the solution. The crystalline 
precipitate was washed free from niti'obenzenc first by means of alcohol and 
theil with ctber. It crystallises in black microscopic needles and is fairly 
soluble it) nitrobeuisene, pyridine and aniline, but only very slightly soluble 
in other orgnnio solvents. It does not melt up to SIO'C. It dyes wool deep 
grey from an acid bath and cotton light grey from an alkaline hydrosulphite vat. 

Other condensations of ebrj-soquinone were carried out in a similar matiuer 
nsin|; n thixture of acetic anhydride jind concentrated sulphuric acid as a condensing 
a WWt. The products were purified and crystallised as indicated above. All these 
indiKoid dyestuffs are soluble in iiitrobeusenc, aniline and pyridine, but almost 



Table 1 

Properties of iudigoid dyestuffs derived from Chrysoquinone 
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iosoluble in other orijanic solvents. None of them have any melting points. They 
have very interesting dyeing properties and impart various shades of grey and 
brown to wool from an acetic acid bath, and similar but lighter shades on cotton 
from an alkaline hydrosulphitc vat. For tlie sake of abbreviation, the properties of 
these indigoid dyestuffs derived from chrysoqninone have beo!i given in a tabular 
form in the previous page. 
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F-REGION IONIZATION IN JUNE 1938 AT ALLAHABAD 

By K. B. Mathur and G. R Toshkivv al 
Physics Department, University of Am-ahabad 
Recdv(?d October 29, 1938 
SUMMARY 

The prtp(^r deals ^vith tlu! ddcrui illation of the critical penetration frequency of the F, -region 
during t he Simmier Solstice periiKl, 1938. The mean of these observations shows Ihal the ionization 
begins to increase an hour after the ground sunrise and it attains its maximum value of 14'7 Mc/Hcc 
(2‘t)7 X 10*^ electrons per c. e.) at 17 (X>, i.e., two hours before ground sunset. 

Introduction 

The data collected in our labonitory aince 19^17 distinctly pointed out to the 
desirability of using frequencies lying in the neighbourhood of 4 Me. for broadcasting 
in India. The same view has been taken by the luternational Telecommunication 
Conference held at Cairo in February, 1938, and a frequency band lying between 
4770 — 4900Kc. has been reserved for broadcasting in the tropical countries, 

In order to organise a reliable broadcasting service throughout the year it is, 
however, necessary to have a thorough knowledge of the Ionosphere. So far due to 
lack of funds it was not possible to purchase necessary equipment to enable us to 
study the ionization density of the Fj-region in uudsuminer, when the disturbances 
are fairly great and absorption very high. The present paper gives the ionization 
density measured at Allahabad a few days before and after the summer solstice. 

Experimental Results 

The transmitter used in the present studios has been described elsewhere.^ 
The receiver, however, was a new one. In addition to one stage preselector, there 
were two 460 Kc. intermediate stages, the a. v. c. was cut off and the circuit after 
the second detector was altered so that the first audio stage could be used as a d, c 
amplifier. The observations were taken visually on the cathode ray oscillograph. 

The frequency of the transmitter was varied continuously with one hand, while 
with the other hand the receiver was kept in tune with the transmitted frequency, so 
that the echo was visible throughout till the penetration frequency (f,) was reached. 
The critical frequency of the ordinary ray could always be accurately found out, but 
owing to large absorption and high level of disturbances the critical frequency of the 
extraordinary ray was usually dubious. The results obtained are given in, 
figures 1, 2 and 3. 





F-RBGIOX IONIZATION IN JUNE 1938 AT AIXAHABAD 
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Pijjttre 1 shows tlio variation of critical penetration frequency on the 19th, 
20tli, and 2l9t of June, 1938. 

19th June: —There is a steep increase between 06 00 and 07 00 after which the 
ionization goes on gradually increasing. The critical penetration frequency wa.s 



nioi’c than 18 Me. between 17 00 and 19 00. The upper limit though very close to 
18 Me. could not bo determined as the receiver was not designed to receive higher 
frequencies. 

20th June : — There Wfis a rapid increase in ionization between 0.6 10 and 07 00. 
Between 08 00 and 09 00 there was again a steep rise, but .after about 10 00 the 
increase in ionization was gradual. There were two maxima one at 1 1 00 and the 
other at 17 00. 


2l8t June The critical freiiuency was constant up to 07 00 after which there 
was n rapid increase up to 09 00. A second steep increase was noticed between 
11 10 and 12 10. The critical frequency being 14'8 Me. the T, fell down to 139 
Mo. at 13 0.3, then it gradually rose to 16’2 Me. and remained constant at this value 
till 16 30. At 17 00 it auddeuly fell down to 14 Me. 

Figure 2 shows the critical frequency measurements for 22nd, 23rd, 24th and 
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22nd June : — The curve is very much similar to the one for the 19th June. 
There was very steep rise between 15 30 and 16 24 and a very steep fall in ionization 
between 18 42 and 20 00. Between 16 24 and 18 45 the critical frequency was 
greater than 18 Me. 



23rd June : — There was a steep increase in ionization between 06 00 and 07 00; 
08 15 and 08 30; and 16 00 and 17 12. A steep fall was observed between 18 50 and 
20 00. There were four maxima and the highest critical frequency was 16 Me. 
observed between 17 12 and 18 50. 

24th June steep increase in the value of f^ was noticed between 06 00 and 
08 00, after which the critical penetration frequency increased gradually to 12‘2 Me. 
at noon and remained almost constant up to 18 00. 

25th dune ’There was one broad maximum between 07 00 and 08 00. The 
value of i% remained almost constant between noon and 19 30. 

Figure 3 shows the average of the seven days' observations. The curve shows 
a gradual rise in ionization after about 05 30 with a maximum at about 17 00. Be-! 
tween 16 00 and 19 00 the curve has been obtained assuming that during these hours 
on the 19th and 22nd June, the critical penetration frequency was 18 Me, . 
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actually tho critical frequency was higher than 18 Me. This will naturally increase 

the maximum value in the curve, but the general form of the curve will remain the 
same. 



Fig. 3 


Discussion of the Rksuuts 

The curves if examined individually show that there is a maximum of ionization 
near about 07 00 after which there is a little fall, which appears to be a regular 
feature. This seems to be due to attachment of electrons to the oxygen atoms.^ 
However, later on the ionization again increases by large amount Tt seems that at 
this stage the dissociation has proceeded to such an extent that all the molecules have 
split up into atoms, but the ionization is still vigorously going on, so that the rate of 
increase in ionization is greater than the rate of attachment 

The after-noon curves for the 24th and the 25th June are almost similar to 
those obtaine^l in October and November by Bajpai and Pant/ except that in their 
case the ionization was nearly constant from about 08 30 while here the ionization 
do^ not vary inuch in the after-noon. 

average curve, shown in figure 3, is similar to that obtained for whole of 
June 1938 at The maxitnum value of ff, at Washington was 87 Me. 

at 19 80, while we have a maximum at about 17 00, the f^; being 147 Me. (267 xlO® 
ol^rdris per* C.C.). Our maxima are usually ticurabout 17 00, nearly two hours 
belore ijroimd sunset, while at Washington the maxima are found to be near sunset* 
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Another point of difference between the curves obtained at the two places is that at 
Washington the ionization in the F^-rcgion begins to increase at the time of ground 
sunrise, while at Allahabad it does so an hour after sunrise. 

Our hearty thanks are due to Prof. M. N. Saha, F.R.S., for his keen interest 
and encouragement, and for the large amount of money that he gave us out of his 
personal research grant given to him by the Government of the United Provinces. 
But for this grant it would have been impossible to buy the necessary apparatus. 
Our thanks are also due to Mr. R. R. Bajpai for his kind help in taking observations. 
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OSCULATING QUADRICS OF A RULED SURFACE 
By R. BinrAur 

Mathkmattcr DRi»Ain\HBNT, Ukivkrsity ok Delhi 
Reocivcd Novoinb^^r 2U, 103S 

SUMMARY 

The object of thin j>ai>er in to obtain Hnalvt-iciilly Uu* con<lition that the osculatinj^ (juadrica of a 
ruled surface bo equilateral I have three mutually perj>cmlieular gencratorH) and to obtain some 
theorems on ruled surfaces which touch a given ruled surface along a generator. 

1. Let the equations of a ruled surface he x — p^hf, y-g-^mUf 
where p, q, r ; /, m, n are functions of r, the arc of the base curve. 

The differential equation of the curved lUsymptotic linos of the ruled surface is 

— (X -h pw + vn ®)/26, where 

(g' r"— / q'\ 

r —ni r')+(</ — q)}, 

v==2/ (w' m\ 

8 = 2/ (g' //— r' m'\ 

the accents indicating differentiation with respect to v ; or 

|;-=a + p« + vM*, where a = -|, p = - y= - 

It is assnined that 8 0 so that the ruled surface is non-devclopable. 

The object of this paper is to obtain analytically the condition that tlie 
osculating quadrics of u ruled surface be equilateral (i.e., have three mutually 
perpendicular genenitors) and to obtain some theorems on ruled surfaces which 
touch a given ruled surface along a generator. 

2, The tangent to the asymptotic lino at the point («., r) is given by 

z—p—lu ^ y— q—mu x~r—HU ,.v 

p'+ I'u (o +p»« + YM*)/ ” + 'ni'it + (a + Pm + yu*)m r'+n'i( + (a+^u+yn*jn' 

When « varies, the point (w, r) describes a generator, and the tangents form a 
quadric. Also since the generator and the tangent to the asymptotic are two 
distinct lines that touch both tlie quadric and the ruled surface it follows that .— 

Tk» qua^lrie generaied by Hte tangents to the eurred asymptotic lines at thdr 
pnintit of intersection with a generator touches the ruled sterface all along that 
getmdtm',^ 


n 
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3. Condition that ike Osenlating Quadrics of a Ruled Surface fee equilateral. 

Take an orthogonal trajectory of the generators for the base curve, so that 
llp' = 0. 

Let I, Tf), ^ be the direction cosines of a generator of the director cone of the 
osculating quadric, then we have 

u*yl+u{l'+^l) + {p'+al) _ ii ^yin + u{nf + Pm) + {q' + a w) 

? >1 

_ + + _ dw+B _ 7 ?m + 1 __?t*Y + MP'i‘® » 

~ t ~ ‘■'271 ^ = ''spT' = 2/1“ “ ■ " *■’ 

say, where ^=2/'* and B=Tl'p'. 

HA-m% = -B (fl) 

«2?-/c2p'| = -l (/>) 

?<®Y"l'^<P~^‘^2/| + a=0. ... (c) 

From (o) and (k) we get 

--■52/1 + 27 1 
" AXp'i-Bll'f’ 

~B> + A 
yl2/|-52/'| ’ 

Putting tliese values of u and k in (c) we get y(-B2p'^+ 27|)* + P(— 52/5+ 

275) U2/5 - 5275) - 2/5 . - 5*)(d2/5 - 5275) + aU2/5- 5275)* =0. 

The coefficient of 5* on the left-hand side is y'—Bp'+l')*+^(—Bp'+l') 
(Ap'-Bl')+ ti{Ap'-Biy-U-B^)(Alp'-Bll'). 

The osculating quadric is equilateral if the sum of the coefficients of 5*. il*, 
is zero, i.e. , if 

YU-5*) + p(5’-5^)+aU*-^5*)=0. 
i,e., U-5*)(y-5P + o.4)=0, 

and hence if cither j 4— 5*=0, or Y~p5+Oil=’0. 

But -d— 5*4=0. because if it were, the parameter of distribution would be 
zero, and tlie surface would be developable which is not the case. 

.•. Y~P-®+“d— 0 is the condition that the osculating quadric of the ruled 

surface be equilateral, when the base curve is an orthogonal trajectory of the 
generators. 

This condition can also be obtained from purely geometrical considerations as 
follows. 

The quadric osculating a ruled surface along a generator is equilateral if the 
two tangents to the curved asymptotics which are perpendicular to the generator lie 
in perpendicular planes through the generator, because dien the genMvtor and thesp 
two tangents are three mutually perpendicular generators of the ospplatiQg. 
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hyperboloid. Now the poiata on the generator at which the curved asymptotics 
are perpendicular to the generator are given by the two values of ii tliat satisfy 
These two values of it must belong to the involution formed by 
pairs of points along the generator the tangent planes at which are perpendicular 
and hence must be harmonic witli respect to the roots of 1 + 2//// + the 
condition for which is 


4. Equating each of the three ratios (1) in § 2 to y we get 

( PM + (a+Pw+Yu^) j/ + /V — e(x— p)+//=0 and two similar equations. Solving these 
three equations by means of determinants for p// + (tt + |3// + y?/*), // and p we get 


where P, Q, R are linear functions of x—p, and K is a constant 

{Le,, a function of r). 

eliminating ii we get the quadric 

J/(A'+Y//)+^?(pR+a(?“P) = 0 (2) 

This result is true whatever values we give to the constants a, f}, y- The case 
of the curved asymptotics gives one quadric, but for other values of a, p, y 9^^ 
an 00 ^ of quadrics all of tvhieh touch the given ruled iuirfaee along the generator. 
The contact is of the second order only for the osculating quadric. In order that 
tlie osculating quadrics be equilateral, we have to choose a, P, y satisfying 
y — PR + a.4=0. Hence it follows that:— 

Out of these <x> ^ quadrics^ oo ^ <rre equilateraL 

The osculating quadric (2) becomes a paraboloid wheu and only when y-O, 
ix., when the generators of the ruled surface are parallel to a plane. The conoid is 
a special case. 

5. Since the differential equation of the curved asymptotic Hues is 


a+pw + Y?/*, the differential equation of the orthogonal trajectories of the 
curved asymptotic Hues is of the form 

+ hii + 

dv //+7/« + c'«/* 


a+/;M + cu 


Using “rT“^7“^a“ instead of a+P/z + yu® and performing the elimination 
* + 6 // + c /r 


as in § 4, we get 


KR . aQ^±hQR±^l 


a'Q^TWOR^B* Q' 
from which we deduce the following theorem 

Jf at points along a gemrator of a ruled surface, tangent lines are drawn to the 
arikogonal trajectories of the eurtfed asymptotic lines, then tfuse lines generate a 
'‘Quaiiie Huled Surface touching the ^ven ruled surface. 
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The qiiartic reduces to a cubic if whenever the generators are 

jiarftllel to a plane. (The right helicoid is excluded from this theorem, since it is a 
minimal surface.) 
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SUMMARY 

' Two new spmcft of tromatodes belonging to the gcuus Lyperosomum have been dcaeribed in 
tbis paper ; 8ome remurkB on the genus have also been given. 

Lyperosomum Looss, 1899, 

Looss (1899) proposed this generic names without naming a type species, 
for the following species of T)ierocoelium.y I), porreciuni (Braun\ 7A pksiosio^- 
mum (V. Linstow), I), lougieauda (Rad.), 1), elnihraium (Deslongchatnp), ^and 
Tl sirongylosnm Looss. All these species were removed from Dicromelium 
because of their elongated bodies with pointed extremities, nearly rounded 
in crossHsection, and testes situated one behind the other. Braun (1901) added 
three more species to this genus as new, corrigia,, rudedum^ and salebrosum^ 
A year later, Braun (1902) dealt with and figured the following species 
unAev Lyperosomum : porredinn,dongicmidxi^ corrigia, rudedum and saMrrostim^ 
making longieauda as the ty|)e of this genus. In the same paper a figure of 
Itypm^osmnum sp, (V. Linstow) was also given without any description. In 1906 
Van Linstow described L. squarnatum. Looss (1907), while expressing his views on 
the relationships of tlie known members of the Dicrocoeliinac, included in this genus 
L, longicatidd^ L, olssoni (Ralliet) {Dist daihratum Olsson and Muhling, after 
Deslongch), X. lobatum (RailHet), L. strigosnm, L. corrigin, X. rudedum, and 
LpSalebroBim. In the same paper, X. Deslongch (D. referimn Muhling 

of Railliet) was removed to his new genus Plalymsiim which he characterised by a 
much broader body with symmetrically placed testes to the right and left sides of the 
acetabulum close behind it. Thus an addition of two more si>ecie8, lobaiunt and 
was made by Looss. Skrjabin (1913) proved that X. sqummUitn did not 
balohg to this genus and recognising the nine species, longieatah.i Mmiumy porredtim 
dmoHh scUebromm, strigosum^ rudedum, pfesiostomum, described a new 
spocieB under the name of X. filliforme. Nicoll (1914) described two more species, 
LjimMum and L.direplum. Johnston (1916) gave an account of three more species 
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of this genus designating them as L. parntm^ L. megasiomum, and L* harrisoni. 
Five more species were added to the genus by Travassos (1917), nr., L. obliqum^ 
L. frmm'ersum, L, rarwn, L, lari, and L. smuostmv Travassos (1919) removed 
Nicoirs direpium to his new genus Oswaldoia, which is characterised by a broader 
body and obliquely situated testes, and has recently been studied by Strom (1928) 
and Skrjabin and Udinzew (1930). Another species, L. donimm was described by 
Isaitschikoff (1917) who also showed that Dicroeoelhnk aiiemiaium belongs to 
Lyperosommn. Layman (1922) added three more new species and a new sub-species 
under the name of L. magnitestimm, L. vamllicola, L, transversogemtalis, and 
L, transrerso-genitalis inrkestanieum. Layman made further additions to our 
knowledge of the members of this genus. In 1923 he added L. fringillae and in 
1926 L, lanicola, L, asowi, L. loossi, L. almidae, and L. tramversO'^genitalis donicum. 
Bhulcrao (1926) described another new species as L. kakea. Baylis (1927) has 
shown that Dlcroeoeliitm viiia of Dujardin should be classified as L, vittn. Seraenow 
(1927) has described three sub-species L. iransrerso-gemtalis sylvestris, L. fillifornie 
biologim, and L. lohatum glandarii, Skrjabin and Udinzew (1930) have described 
anotlier species of Lyperosomum, L, papabejani, and given a very useful key for the 
identification of the known species of this genus. Since then Yamaguti (1933), 
Patwardhan (1935), and Price and McIntosh (1935) have studied members of 
this genus. 

Yamaguti has described L. aUemmhtm and a new species, L. mieroscelis, and 
also pointed out that 1). clathraium Deal, of Mnhling should be transferred to 
from Patwardhan has given an account of another 

new species, L. coloromm : and Price and McIntosh describe a remarkable new 
species as L. rnonenteron. 

Of the numerous species that have so far been assigned to this genus, as will 
appear from the list given above, fifteen species and five sub-species alone are from 
Russia. To the two species of Lyperosomum, L. kakm and L. colorostm, hitherto 
known from this country, the author adds two new species in the present paper. 

Lyperosomum stunJeardi sp.n. (Pigs. 1 and 2) 

Host : Oarrtdus tanecolaius, bile ducts. 

Locality ; Almora, Kumaon Hills. 

Deseription: — Body elongated, filamentous, cylindrical, uniformly broad, 
5*8-6 ’6 in length and 0'21-0'27 in breadth.* Numei’ous well-developed unicellular 
glands with prominent nuclei in the body parendhyma. Oral sucker subtermiiial, 
spherical, O’ 2-0*25 in diameter; pharynx longer than broad, O'OO-O’OSx 005-0*07 iit 
size ; oesophagus 015 in length; oesophageal bifurcation a little posterior to Ike 

All messttrements are in miHimetres. 



ON THE TREMATODE OENU8 EYrEKOSOMUM ETC. 


17 


middle of the pre-acctnbular part of the body ; posterior extent of the intestinal 
caeca difficult to trace on account of iminerous eprgs. Acetabulum with a pair of 



Fig. 1 

LyperOHomtmi siunhmli sp. n., 
Entire worm. 


Fig. 2 

Anterior region of />. .Hhmlanli 
showing ear-sliaped appendages 
on the acetabulum. 


^e/arotabulnm; C. cirrn«; os. cirrus sac; i?, egg; /c, cawuiu; 0e», oesophagus; 

Oa, oral sucker! Of, ovary; Pgle, prostalc glonU ceils; Ph, pharynx; Sr, scnunal rcccptacic; 
Sf, Jejpiiml vesicle; T, testis; Vt, uterus; vitelline follicles ; I>. yolk-rcservoir. 

e«f-iiliinped appendages, broader than long, 0'27-0‘3x0‘i)2-0 35 in size, situated 
between one-seventh and one-eighth of body length from the anterior extremity. 
J^oietoTjr system same os in the following species. Genital pore median, some 
distance behind the intestlnnJ bifurcation. Testes nearly spherical and equal in size, 
si^glh^y dutliOQally situated, one close behind the other, with a coil of the uterus 
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between them, soimratod from the acetabulum by a few coils of the uterus, and 
measuring 0 Ki x 0 17 in size ; cirrus-sac 018-0*21 iu length and OM-O’U in breadth, 
>vith its nearly two-thirds of the length occupied by the coiled vesicuhi setninalis, 
entirely in front of the rtcetabulnm, and with the prostate gland cells in the si>ace 
between the wall of the cirrus-sac and vesicula setninalis, small pars prosbiticn and 
ductus ejiKUilatorins. Ovary globular only slightly larger than the testes, 0‘18 
in diameter, situated close behind the posterior testis with a uterine coil between 
tlicrn ; shell-gland muss immediately posterior to the ovary, lateral in position ; 
vcccptaculum seminis was not observed ; Laurer\s canal present; vitellaria consisting 
of about fourteen large follicles on each side, commence immediately posterior to the 
Hhell-glaud mass, covering a lateral field of about 1* 1-1*2 length ; post- vitelline space 
r8fi-2‘2 in length ; uterus extensively developed, containing numerous eggs, occupy- 
ing the entire space behind vitellaria, between vitelline follicles and intestinal caeca 
in the vitelline region, in front of shell-gland mass the ascending uterus coiling 
around testes and passing to the genital pore lying between anterior testes and 
acetabulum and dorsal to the latter; ripe eggs measure 0*035 in length and 0*0245 
in breadth* 

Remarks : — I'he two hitherto known species of Lyperosomtim from India, 
L, kakea and L. difier from the proposed new species, L. sinnkardi/in 

their smaller length and rounded acetabulum without ear-shaped appendages. L. kakea 
is further distinguished by the position of its genital pore situated some distance 
behind the pharynx, oval shape of its testes, ovoid ovary lying with its louger axis 
transverse to the body length, and smaller breadth of its eggs, L. colormm^ unlike 
the present species, is characterised by the position of the genital pore midway 
between the anterior end of the body and the rim of the acetabulum, and the ovary 
smaller in size than the testes. 

The position of the vitellaria commencing behind the ovary distinguishes 
L, stunkardi sp.n, from longicauda^ lari, corrigia^ plesiostonmm, ohliqtmm^ scituhinif 
and pamb^am* The relative size of the ovary and the testes separates the present 
form from all the other species of Lyperosomtim except L, fringillm, singosum, 
fillifortm^ filli forms biologiea and lohatum glmidani which have the ovary larger than 
tlic testes, L. fringillas differs from the new species in its smaller body size, trans- 
versely oval genital glands, and much greater length of its eggs. L. strigoauni is 
distinguished from the new species on account of its smaller body size, absenee of 
ear-slmped appendages on the acetabulum, transversely elongated testes, posterior 
extent of the cirrus-sac, and greater length of tiie eggs. L* filUform is distingaie^ied 
from the new species by the absence of eai^shaped appendages on the aoetabuium, 
longitudinally elongated oval testes, and greater length of its eggs. 
glandam is separated from siunkardi 8p.u. on neconnt of the shape of the ova^y 
^Yhich is triangular and rounded^ and longitudinally oval testea i^ 



0.\ THE rREHAtOl>E GBSVH LY l^EUO.SOMlTM ETC. 


W 

is distinfifuished from the new species by the smaller size of the body, transversely 
ovid ovary, different shapes of the testes— one rounded and the other oval, and 
jOfreater lenj^h of its egpjs. 


Lyperoaomuui Maiiar/faryai H\).ih 3) 


Host : Sltiraopastor cu])eims and Teniencltns pagoda rtf gall bladder and 
bile ducts. 

Locality ; Allahabad. 


.•““body slender, elongated, nearly eylindrical, tapering towards 
ends, with somewhat rounded anterior and pointed posterior extremities; narrower 
pre^aeetabtdar part provided with a dorsal incoral Up. fjength 3‘8 ; breadth more or 



Fig. a 

7>. bhalimimryai sp. n., Entire worm. 

Lettering as in Pigs. 1 and 2. 

leflis atiilortn in the acetabular and post-acetabular parts of the body, 0‘3 in acetabular 
and^tttiouInr aouesandO'M in uterine zone. A large number of unicellular entaneous 
glcinda present ill Uie body parenchyma with prominent nuclei. Oral sucker sub- 
twaniiai, 0*12 X 0*14 in size ; pharynx broader than long, 0*05 x 0*07 in size ; oesophagus 
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short, about 0 08 in lenj^th ; posterior extent of intestinal caeca difficult to trace on 
account of the large number of eggs in the uterus* Acetabulum longer than broad, 
0'27 X 0*25 ill size, situated at about 0 55 distance from anterior end of the body, 
at nearly one seventh of the body length from the anterior extremity. Excretory 
pore at the i)osterior end. Excretory bladder long, tubular, reaching anteriorly 
near the niiddic of the vitelline area and receiving a pair of short common collecting 
tubes nntero-latorally ; common collecting tubes pas.sing diagonally outwards receive 
anterior and posterior collecting bi'anches at about the middle of the ovary. Genital 
pore behind intestinal bifurcation, 0*28 distance from the anterior end of the ovary. 
Testes nearly spherical, .situated slightly diagonally one behind the other with uterine 
coils separating them ; anterior testis 0*23x0*25 in size, separated from the ace- 
tabulum by coils of the uterus ; posterior testis slightly larger than the formex’, 0*25 
X0'2T in size; cirrus-sac oval in shape, 0*1 in length and 0*05 in breadth, in front 
of the acetabulum, with a coiled vesicula sciniualis occupying its greater paii and 
continuing into small pars prostatica and well-developed ductus ejaculatorius ; 
cirrus, when everted, measuring 0*00x0*04 in size. Ovary smaller in size than 
the testes, broader than long, 0*10x0*2 in size, separated from the posterior testis by 
the uterine loop, in line with the anterior testis ; receptaculum seminis median, 
circular in outline, 0*08 in diameter, overlapping the ovary on its posterior border; 
■shell-gland mas.s close behind the reccptaculum seminis ; vitellaria symmetrical, 
composed of eleven follicles in two lateral rows one on each side, situated at the 
middle of body length, limited to an area of 0*5 length, with the anterior follicles 
in the region of the reccptaculum seminis and shell-gland mass; uterus intricately 
coiled and containing numerous eggs, filling xip all the space not occupied by other 
organs behind the shell-gland mass, and iu front of the latter the ascending limb of 
the uterus coiling around the ovary and testes passes to the genital pore lying dorsal 
to the acetabulum ; ripe eggs deep brown in colour, 0*0315 x 0'02l in size. 

Jtmmrhs . —Of the three Indian species of Lyperosomnm L, liaheuy h. coloro^ 
stun, and L, stnnkanU sp. m, the proposed new species, L, hhattaeharyai stands 
closer to colorosum on account of the equal size of the body, similar sucker ratio, 
absence of ear-shaped appendages on the acetabulum, and ovary smaller than the 
.testes. It, however, differs from colorosum in the more posterior position of the 
genital pore (in colorosum genital pore lies midway between the anterior end of the 
body and the anterior border of the acetabulum) and more anterior position of the 
vitellaria composed of a larger number of follicles (follicles numbering 6-7 in colorosum 
commence behind the middle of body length) besides other differences such as the 
shape of the ovary which is spherical in eohrostm. Of the various species that 
have been described under this genus up to the present moment excluding the 
Indian representatives, the present species on account of the vitellaria commencing 
behind the ovary, testes being larger in size than the ovary and sitnated mxe behind 
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the other very near to the acetabulum, uterine coils separating the anterior tostiB 
from the acetabulum and without pnrtiai overlapping of the genital glands, 
agrees with tlie three sub-species of iramvvrmgenitalL% aiteriuatmn, pnrvton, 
and ImrnsoiiL L. hhattacharym sp* u. is distinguished from trnmveriiOgemtaUs 
(loHieuhtf tm)istw\sogmii/ih‘s iurWsiftnivnm^ and transrermgeniioHs ^^ylresfris by the 
size of the body, shape of the* testes, and disposition of the vitelline follicles. It 
differs from L. aiieniutinm fafter Vamaguti), in the ovary being broader than long 
(rounded in nttenuatum)^ more anterior position of the acetabulum (acetabulum 
rounded in and lies at one-sixth of body length from the anterior end), 

and more posterior extent of the cirrus-sac (in niicfuiaiiint cirrus-sac lies approxi- 
mately halfway between suckers). L. parvum is separated from the new species on 
account of the sucker ratio (oral sucker 0*213 xO*J 94 and acetabulum 0*252 x 0*233 iji 
jMii Vffm), much posterior position of the cirrus-sac in relation to the acetabulum 
(lying mainly dorsal to it in pttrrumX cubical form of the testes, and larger size of its 
eggs (average 0*039x0*023 in pnrvuut), L. //am’.vo//,/ differs from L. hhaUacharyai 
sp. n. in the sucker ratio (oral sucker 0*223 and acetabulum 0*262 in diameter), 
testes being broader than long, cirrus-sac docs not lie wholly in front of acetabulum, 
and larger size of the eggs (0*038x0*024 in harrif^oni). 

The author is deeply indobt<‘.d to Dr. H, R. Mehra for his valuable guidance 
and helpful suggestions. 
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TWO NEW SPECIES OF TREMATODE8 FROM ANHINOA 
MELANOOASTETi. THE INDIAN DARTER OR 
SNAKE-BIRD 


By B. P. Pande 

Zoology Dki’AKTment, Univkrsjty of AELAHAUAt» 

Oummuiuoatod by Br. H. R. Mehra 
lleceivtHl Decemlxir 8, 19^J8 
SUMMARY 

Two utnv H] )e(‘icK of tremat (Kk's obtaiiuid from the iiiR‘HtiiK‘ of an Indian daiinr or »nake*bird, 
Anhiftgn mtilanoga»iBr^ have l)wn described in this paper. 

The two species of trematodes herein described were obtained from the 
intestine of an Indian Darter or Snake-bird, A7ihin{)a melanogastei\ one of which 
represents a new sr^eoies of the genus Petamger Dietz (Family Echinostomatidsc) 
and the other is a third representative from India of the genus Apatemon Szidat 
(Family Strigekhe). 

Family : lichinostoniatidae Poche, 1926. 

Subfamily : Echinostominae Looss, 1899, 

Genus Petamger Dietz, 1909. 

This genus was proposed by Dietz in 1909 with PeUidger exaerehui Dietz (1909) 
as the type species. A year later, Dietz gave a generic diagnosis of Petasirger followed 
by an account of P. exmretm. Odhner (1911) included under this genus his Echinos- 
iommu variospiuosHm described in the same paper, and observed that Ech. pungemY* 
Linstow and Ech. magmovatum Stossich show relationship to this genus and should 
be included under it. Kotlan (1922) gave an account of P, exaereim and described 
a new species under the name of Echimsiomum megacanikum* Bearding the 
systematic position of 7negaeanthi(my which is undoubtedly a member of this genus, 
Kotlan observed that the species probably was the representative of a special genus 
though its form and internal organisation was near to Petfmger. Very likely this 
author was led to take tins view on the number and niTangement of collar opines. 
In regard to the species, ptmgefw and nmgniovatum which appeared to Kotlan as the 
species nearest to his inegaeanthmny whether they should bciudnded uxidcr 
Kotlan left the question undecided. Subsequently up to this date tlie new 
Hpecics that have been added to this genus are ; niiui'm (Linton, if 2^^ nme^meme 
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(Fuhrnjaun, 1928), mvermkmn (Lute, 1928). lobatm (Yaniaguti, 1933), mmutissimns 
(Gogato, 1934), and grandtvmmfarifi (Isliii, 1935). Davis (1934) ha« giveti a dotailed 
account of the type spfjcies of this genus. 

The first and the only record so fur of a species belonging to this genus from 
India is ttiat by Gogate (1934) who has described a species from wild ducks in 
Ilangoon under the name of J\ miniiiisstmus. 

This genus, which is closely related to Paryphostomnm Dietz (1909), was not 
jissigned to any of the three HubfnrniJies of Ecdiiuostomatidae by Odhner (1911). 
The remarkable dificrence between these two genera lies in the character of their 
testes according to the diagnoses given by Dietz (1910). The testes are transversely 
elongated with entire margins in Petasiger and deeply lobed in Jhryp/iosiomum. 
The latter getuis has been allocated to the subfamily Himasthlinae Odhner (19111 
by Bhalerao (1931). But it appears doubtful whether Jknfpbosloiftffrn should be 
included under the latter subfamil)^ In the present paper Prtasiger is provisionally 
assigned to the subfamily Eehinostominac. 

Petasiger ineQlli n sp. (Figs. 1 and 2) 

TJemdpiion , : — Body elongated, somewhat spindle-shaped, flattened dorso- 
ventrally, with broader anterior extremity and pointed posterior end, and 2'93* 
in length and 073 in maximum breadth the region of the acetabulum* 
Cuticle spinose ; spines thickly set in prc-acetabular part of body, measuring 
0*028 in length and 0'007 in basal width. At the anterior end body widened to form 
a well-developed collar, not united ventruliy, 0*17 in length and 0*5 in breadth, 
bearing 27 spines uninterrupted dorsaliy ; four collar-spines on each side forming 
ventral end group and larger than others, 01 in length and 0*04 in basal width ; 
remaining nineteen spines arranged in two alternating rows and frirming the dorsal 
and moi^inal spines, 0*07-0*08 in length and 0*02 in basal width, Oral sucker small, 
nearly globular or slightly broader than long, nearly terminal, 014x0 15 in size; 
prepharynx not observed ; pharynx slightly smaller than oral sucker, 0*13 in diameter ; 
oesophagus 0*34 in length , surrounded by a dense mass of well-developed unicellular 
giands> bifurcating into intestinal caeca a little in front of anterior fourth of body ; 
intesfciual caeca, as also oesophagus, in the living condition appearing dull red on 
account of contafned blood of the host, terminating a little in front of the hinder 
body ektermity. Acetabulum well-developed and muscular, 0*44 x 0*37 in size, situated 
immediately posterior to one-third of body length from anterior end. Excretory 
terminal ; excretory bladder Y-shaped. Separate genital pores for male and 
ducts, situated medianly close behind intestinal bifurciition. Teates 
ovalf kiiaated obliquely one behind the other in the hinder half of the third quarter 

■ 
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of the body ; anterior teati» sinistra!* 0 22 iu lenfj^th and 0*27 in breadth ; posterior 
testis nearly tnediau* 0*22 in length and 0*3 in breadth. Cirrus-sac elongated, 
median, parallel to body length, extending posteriorly to some distance behind 
anterior border of acetabulum, anteriorly slightly veidrally inclined; voluminous 
vesicula seminal is occupying greater part of cirrus- sac ; small pars prostatica and 



Fig. 1 Fig, 2 

Pekimjer nicolU ii. sp. Entire epccimeiu Collar-spines of P. nimlU n. sp. 

acetabulum; cirrus-sac; CVp. collar spine; Jfi;, egg; Go, genital atrium; Gc, genital 
cone; Gp, genital pore; 7c, intesthml caecum; Jift, metraterm ; Oea, oesophagus ; 0«, oral sucker; 
Ot», ovary; Fk, pliarynx, Sm^ shcU-gland mass; seminal vesicle; 7*, testis; vitellarine 
folUcles ; Fr, yolk-roservoir 

ductus ejaculatoriufl and comparatively a few proatate gland cells in tlve small anterior 
part of the ciiruB-sac. Ovary nearly rounded, situated close behind middle of body 
near body wall on the right side, 016 in length and 017 in breadth ; sbell-gland mass 
internal to ovaiy between it and anterior testis; receptaoulum seniluis absent; 
uterus full of lai^e number of eggs in the space between anterior testis (tnd 
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acetabulum, terminating in a well*devcloped metraterm of narly the same size aa tlm 
eirrug^aac ; vitellaria occupying mostly Jateml margins of body from the level of the 
genital pores to near tfae hinder body extermity, follicles uniting in median line in 
post-testicular region of body ; ripe eggs of 0 08 lerigth and 0’052 breadth* 

lietmrjcs : — The number of spines in the collar separates P, nicolli n* sp. from 
pungem^^ maguiovatian^ me^acantlmm^ nitidm, novefNcleaim^iiiimtiisshnu^ and grandi^ 
veMCidaris. Of these seven Bpooimt mngniovatum, megrieanihum^ idiiduSf mvemdeeim 
and grandivf^smdaru are characteinsod by the collar bearing only nineteen spines. 
In pun^em Odhner gives the number of spines as twenty-one but according to Kotlan 
their number varies from nineteen to twenty-one. P. mirnUiBmrmH has twenty-three 
spines on its collar, three of which on each side constitute end groups. P. lobaim 
(Yamagtiti), possessing nineteen collar-spines, is removed from PelaBtgcr on account 
of its lobate testes and transferred to Paryphosiomiim. 

The now species on account of the collar-spines numbering twenty seven 
resembles P. exaercim^ P. variospinosHm and P. ^irocomense, P, neocomcme is 
diKtinguished from P. nicolli n. sp. by its collar spines arranged iii one row. 
P. ^.xaereius and P. variospimsurn stand closer to the new species on account of the 
arrangement of the collar-spines in two rows. P. nicolli u. sp. is sharply separated off 
from exaeretus on account of its larger body size, absence of a prepharynx, i)resenco 
of a dense muss of unicellular glands around oesophagus, oblique position of the 
testes, absence of a rcceptaculum seminis, more anterior extent of vitellaria {begin- 
ning opposite the anterior border of acetabulum in exaerehis\ uterus with a larger 
number of eggs, and different size of the eggs. It is distinguished from P. varios^ 
pinoHum by the greater size of its body, different sucker ratio, larger size of its 
testes, smaller size of pars prostaticn, few prostate gland cells, much largei* number 
of eggs in the uterus, and different sizes of its eggs. 

Family: Strigeidae Railliet. 

Subfamily ; Strigeiuae Raillict. 

Sub-subfamily : Cotyluriui Dubois, 1936. 

Genus : Apatemcm Szidat, 1929. 

Szidat (1929) created this genus for the strigeid trematodes characterised by 
cup-shaped and widely open fore-body containing a well-devclopod holdfast 
organ, cylindrical and dorsally flexed hind-body, vitellaria exclusively confined 
to the hind-body, and absence of a welHcvelopcd and clearly defined genital 
atrium. He assigned three species to this genus : A. gracilis (Rudolphi, 1819), 
A* sphd^rocephahis (Braudes, 1888), and A. gradliformis Szidat (1929). Since then 
h large nnmber of species have been added to this genus, vix.^ A. fnligulae^ A. peU 
and A. minor by Yanmguti (1983), A, dassocotylus by Dubois (19S4), 
A. japmmts by Ishii (1934), A. parvii^tis by Ishii (1935), and A* indkus and 
F.4 
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A. casarms hy Vidyarthi (1937). The last two species have been reported from 
India. Following Dubois (1936), the genus Apatemon is assigned to his .sub-sub- 
family Cotylurini under the family Strigeidae. 

Apatemon pamliM n. sp. (Figs. 3 and 4) 

DemeripHon ; — Body divided into a cup-shaped fore-body and a cylindrical 
hind-hody ; strongly flexed at the junction of the two regions. Pore-body nearly 
spherical, 0‘5-0'7 in length and 0'.'i5-0'6 in breadth ; hind-body nearly one 
and a half time longer than the fore-body, 0'8.5-l"3 in length and 0'65 in 
maximum breadth in the region of the testca Oral sucker terminal, 
0'12-0‘14x0'l-0'12 in size; prepharynx absent; pharynx oval in shape, 0‘07 
in length and 0‘05 in breadth ; oesoplmgus very short, 0’017 in length, dividing 



Fig. 3 Mg. 4 

Apatemon panduld n. sp., dorsally A. pandubi, laterally flattened specimen, 

flattened specimen. 

Lettering same as in Figs. 1 and 2 

into the intestinal caeca much in front of the acetabulum; intestinal 
caeca terminating near the posterior end of the body. Aoetabnlum larger than the 
oral sucker, 0'17-0'2 in lengtli and 016 in breadth, situated dpraally in front pi the 
body constriction. Hold-fast organ beginning at the hindei: end of the fore-body, 
ponsistiug of an outer and inner lobe, pftep protruding &pea the opening of the 
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fore-body ; adhesive gland just beneath the hold-fasfc organ. G-enital pore at the 
posterior end of the body, leading into a shallow funnel-shaped gcnitfil atrium. 
Testes situated nearer the postoior extremity of the body, lie close behind one other, 
immediately beneath the dorsal body wall ; anterior testis asymmetrical, 0*24 in 
length and 0*23 in breadth (in the dorsoventrally flattened specimen), lateral in 
position; posterior testis nearly symmetrically bilobed with lobes connected anteriorly 
by a narrow isthmus, occupying the entire width of the body, each lobe nearly ctpial 
in size, 0*3 in length and 0 2 in breadth {in the dorsoventrally flattened specin>cn) ; 
vesicula seminalis very voluminous, coiled, lying in the testicular region ventrally 
to the testicular lobes and between the two limbs of the po.sterior testis, running 
distally into the small pars prostatica followed by the ejaculatory duct, both travers- 
ing the thick connective tissue of the genital cone, and opening with the terminal 
part of the uterus into the genital atrium. Ovary somewhat pear-shaped, 0*11-0' 13 x 
0*15-017 in size, median in position, situated at the middle of the hind-body on the 
anterior testis (inside view appearing close in front of the anterior testis) ; shell- 
gland mass and well-developed yolk-reservoir nearly median, lying immediately 
in front of the posterior testis ; uterus after its origin from the shell-gland mass 
first running forwards to the anterior end of the ovary then continuing as the 
descending limb to the posterior end of the body-coils lying ventral to the ovary% 
anterior testis and vesicula seminalis opening into the genital atrium ventrally to the 
opening of tlie ejaculatory duct ; ripe eggs 0 0875 in length and 0 0595 in breadth ; 
vitellaria occupying all the available space in the hind-body from the body con- 
striction to near the middle of the posterior testis. 

Remarks ; — Apatemon pandubi n. sp. is distinguished from all the hitherto 
described species of the genua ou account of the peculiar form of Us posterior 
testis. The present species, however, resembles A, (mareits iii the bilobed character 
of its posterior testis but differs from that species in the ratio in length of the fore 
and hind-body (1 : 2 in msarcusX more posterior position of the gonads (occupying 
the middle of the body in casarms^^ ualobed nature of the anterior testis, presence of 
a small ejaculatory pouch, and greater development of the genital cone. 

The Author expresses his gratefulness to Dr. H. R. Mehra for his guidance and 
helpful criticisms. 
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SECTION I 
IXTDODUCTION 

Tliore arc four and only four observational results in which the General 
Theory of Relativity differs from Newtonian Meeiianics and these are (l) the 
ndvati(»e of the perihelion of a planet, {*2i the deflection of lij^ht from stars past the 
Sun, {.‘0 rite spectral shift of li^lu from the Sun or a Star, and (4' the e-vpan-^ion of 
the XJiii verso due to an e.xtra cosmic force of repulsion inercasine: with the distance. 
And these arc due, amoiiir otlier postulates, to the fnndaineutal postulate of the 
ttbsoluttmess of the finite velocity of li^ht No matter howsoever fast another body 
nuiy be UioviuK and wliother li^ht be approaching it from the front or overtaking it 
from Whind, the veloeity of light though finite and ecpial to 3x )0* kin/sec is relative 
to it always the same; and this will still be so even if the other body be an electron 


travelling with j^th of the velocity {»f light! In the Galactic rotation, the Sun and 

another stiir may be moving in the same cnrvilinenr direction with a v^elocity about 300 
km/sec, and yet the time taken by light to go from the Sun to the star will be exactly 
to the time taken by light to come from tive star to the Sun ! In all tht^ toxt*booka 
bU RehrtiVfty the justification for these astounding postulates is based on the claim tliat 
the of reli^ regards the first three matters, if not also the fourdu have 

verged by^ It would be quite suflSeient to quote Eiustein^s own 

^ n single qne of the conclusions drawn from it (Relntivity) proves 
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wrong, it must bo given up; to modify it without destroying the whole structure 
seems to be impossible.’^ 

The latest observations show large discrepaneies in all except the first i*esalt. 
Leaving aside crjtids who never seem to agree and considering the conclusions of 
the observers themselves, Preundlisli has found an excess of 25 /o in the defl<»(^tion of 
light, Royds has found an ox(.*es8 of 100% in the spectral shift of liglit from the edge 
of the Sun and Hubble from nebular counts has shown that th(;r(* is no expansion 
of the Universe at all. In any case no one can now assert that the recession of 
the nebulaj is established. 

Of course, prejudices in favour of an old theory continue long, and so in spite 
of the above discrepancies all that the author of the latest book on Relativity can 
concede is that it is as unwise to declare the relativity theory true and definitive 
as it is to declare it false and indefinite. 

The General Theory has so far attempted the solutioii of one-centre problem 
only. “The problem of two bodies on Einstein’s theory reinain.s an outstanding 
challenge to mathematician.s — like the problem of three bodies on Newton’s theory/’ 
(Eddington.) The three bodies lu’oblem in Newtonian Mechanics has been at least 
partially solved by Sundiman by means of series. But in Relativity the motion 
of the Moon has been deduced by “ treating the mass of the Moon (which is one- 
eightieth of that of the Earth) as infinitesimal’^ (Eddingtoris Relnllviiy^ p. 97), 
and the theory breaks down when masses are comparable. This utter failure of 
Relativity is due to the impossibility of superposing the fields of force due to two 
attracting particles, because the sum of the two solutions will not satisfy Cr^f' = 0, 
these equations being non-Uru*ar iu the Qm*' ^ Relativity has. therefore, come to a 
deadlock. But the New Theory, proceeding strictly on Newtonian principles, gives 
results tallyifig with all the four latest observations, and i)rcsents no difficulty in the 
solution of Two Bodies or oven Three Bodies problem. And what is more it 
identifies Electricity, Light and Gravitation completely. 

Further observations will settle whether Relativity really represents the liighest 
truth revealed to mankind or whether it is the grossest falsehood ever promulgated. 
It is to be sincerely hoped that to test the fundamental postulate of Relativity, 

(1) the Michelson and Morley experiment will, as suggested by me in the 
last chapter, be performed with solar light (instead of terrestrial light) in the morning 
and on a date when the Earth has the greatest velocity of approach towards the Sun 
or in the evening and on a date when it has the greatest velocity of recession iu its 
orbital motion, 

and (2) as suggested by F. H, C. Smith in Natun (July 2, 193S, p. 40) the 
speed of light received from approaching and receding stars would be measured. 

I must express my gratitude to Dr. D. S. Kothari, M.Sc., Ph.D., Reader in 
Physics at the Delhi University, for the benefit of his valuable opinion on Sections 
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11 nnd irr, and Mr. O. A. 8iddiqi, M Sc., L( etiiror in Mathenintics at the Muslim 
University, Aligarh, for checking Hection VII. 

HEOTION J1 

EoOINOTOX^S SoT.UTION of EiNSTKINV DiFFRUENTIAT. pAiUATlON 

1. lu the General Theory of Kelativitv. the p(|niition obtained by Einstein 
for the motion of an infinitesimal planet is 

= JL+ JiL. 

(W’‘ ^ h* ^ ■ 

Sir Artlmr Eddington in his Ilelativity (S 40, p. 8H) has deduced its approxi- 
mate solution in the following way : 


Neglecting the small term the 


sohttion is 


n = cos (<9“a>) } 

where c and to are constants. 

Substituting this first approximation in the small t(*nn of the ditterential 
(Mpiation, we get 

o 3 2 

+ I -'^{1+ cos2(tf-a))} . . . . . (oi l) 

It is then suggested that ‘‘of the additional terms the only one which can 
produce an eflect wdthin the range of observation is the term in cos this is 

of the right period to produce a continually increasing effect by rcsonance.^^ 


Neglecting and the term containing cos — to) the solution is 

obtained as 

i *>2 \ 

li = -^ I COs(6- («>)+ 8iu(fl — to) I 

— ~^r I l + <? COs(0“W — e) I 

= -^ I 1 + c cos (1 - I 


•> 2 \ 
1 + e cos(6- («>)+ 8iu(fl— to) I 


fhWe E = fi>*= . 

t Ir 


. (»1'2) 


Froni this by integration the value of the advance of the perihelion for one 
revolution is obtained. 
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Z T »k>n» the supposed solution as 
M = -^|^l + e cos { 1 — 

it IS obvionsly the solution of 

r/*u , n 

4u -3 rT »-.iI ‘ 

or + ti = j'Vd-eWioi’ii 

noj^lecting (513) 

This differentinl equnttoii is quite diftdeiit from Linstein^s equation as its lust 
tom contains u uid not and lU c> ffi lent also is diffirent 

3 It h IS been sh )wu by me tne Voi XXVf pp 933---87) 

that the neglet t of the term cont'iming cos 2(^-o)) bifoie solving the (quation is 
erroneous on several grounds 

I )r other const quentes of the equition like (ol i) see the next section 

4 M J( III Bieqnirel in hm Le Prmupe De lielahnie Ch XIV, Sec 93, 
pp 231 — 4 at p M3 (19 ) h IS adopted exactly the same method of neglecting the 
eicond periodic term on the grjuiid of want of resonance, and so the same 
objections apply to his method also 


SFCTIOX fll 

Le\ I CiviTA^s Formci ae for Two Bodies 

1 It was <»hown in P/ Ac Sc India 4 ^0-^23 (August 1934) that extra terms, 
in the equation of motion as compared to NiWtoi/s, mn be trenUHl ns being due 
to small perturbing forces and the changes in the elements of the orbit diduced by 
orduinr> Dynamics In P/ Nat Ac Sr India p 280 (August 1930) the accolera'- 
tion of one body relative to another body of comparable mass as well ns its 
accelenition for actual motion in space were givtn 
Tor relative motion the potential function is 

,, G(M + w) . 1 

V ^ " ~ " f r- -iLn- 


whore r m the distance between the two bodies M and m their wnsao^ O the 
gnivitatiou il constaiiti h double the areal rate and c the veiouty of light. Thw 
correctly yields the differential eqiuition 



2, Prof Tttllio liPvi-Oivitn m the Ammnm Jbrtrwol o/ MtMtfmniifii 
(Fol LIX No 2, Apul i93t, pp 225^284) ha« also tr«ited ^ 0 
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^3*^t porjtnrbntiansV find foHowing: Noivlioinnn principles nnd adopting the 

ciassiml energy atid areas deduced certain Astronomical consequences 

of Ii(4ativistic Two-Btuly Problem. 

He has found that for two bodies of comparable mnsspH, the trajectory may 
be considered to be that of a central force with the potential function for relative 
motion (m our notations) as 


G(U^m) 


, Mm lG^(M + m)* 




Mm c^h* 


G^M + m)« 


(524) 


^M + m/’* G^M"^■m)^ c\r'^ 

He has then concluded that the firjit term represents the Newtonian attraction, and 
the other two (both of the second order) are the relativistic perturbations varying 
according to the inverse cube and tlie inverse fourth power respectively of the 
distuncev «od has then inferred that by ptttting one of the masses equal to zero 
G*M * 

wc get 3 for the perturbative function of the Eitistciuian one-centre problem 

C'f* 

(p. 229). Tlio nnK»li»r precession (per revolution) of the perinsfron in tlie ense of 
ft double star turns out to be the same ns the precision for an infinitesimal planet 
moving about a central mass possessing the total mass of the binary system 

. 6«G*iM + ;«)* ,.no\ 

^ 0) sx (52 2) 

3 . (1) It can, however, be pointed out that the extra terms do not, in fact, 
represent the Einsteinian perturbation. (/V«7. Mag., Vol. XXVJI, January, 
1939.) 

Epr nn infiuitesimni planet wc put m =0, nird obtain from the above potential 
fanqtipn the acceleration by differentiation as 


GM 6G^M» 

f g»,.» 


only 


^#budi' is ' 




m 




~ and therefore ttt ^ " 7 ^ 
u dr 


m 








-GM»’ 




y- 


■yk 


V-.', , 7 ,-' ■ ■v.-.r ... . O.M'.' ''6G*M* 


(63-3) 
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This is not !it nil identical with Einstein’s equation in which the last tern 
contains and not u. 


Pattin!i: 



~k ; kh ~ h' and 16—6^ the equation becomes 


d^u . GM 

^ * 

which has the Newtonian and not the Einsteinian form, and for which tlie solution is 
-f A cos where A and B are constants. , . (r)2'4) 

This is a complete elli[)sc revolvinp; round the centre of force in a forward 
direction, which was known to Newton. 

4 . The consequences of this new law have been treated by me in detail in the 
ProceaiUngf^ of the National JmitUtite of SeienceHt India, Vol. IV, pp. 337 — 40 (1038). 

It has also been shown there that his further conclusion that tin* centre of 
l^ravity of a double star system has a not acceleration is contrary to the result of the 
New Theory. 

5 . It may be further pointed out that Levi-Civita has taken “ the ahsoluie 
motion of the centres of mass of a double star supposed that “ everything: has been 
reduced to ordinary space ,,,, with reference to some fired or Oa//tem frame 
and has employed the ctassiml integrals of energy and areas and briiq^ing 
** relative motion also uuder the Lagranj 2 :iarj Scheme lie has “applied the Lagrnngian 
oporat(»r to the Newtonian constant of energy, regarding it a genuine constant of 
energy to a first approximation/' (pp, 225 ~7). The potential function obtained by 
him for the motion is for a trajectory of a central force. He has calculated the angu- 
lar precision of the periastron by the ordinary method of Newtonian Dynamics, In 
view of all these, for transforming his function into a differential equation the areal 

relation r^~—h has been appropriately adopted. 


6. As Levi-Civita has not followed the method of Relativity, in which 
d^ i 2u \ . 

p — j, bis law of force i» of couree diiferent from that obtained by the 
Relativiatiu areal relation. 

(1) For a one-body problem, Levi-Civita’e law of radial foi’ce is 
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(2) Eddington in his Rv.latioify^ § 44, ]>. 97, has deduced the radial and trans- 
verse forces as 




UJj 


— X -T 

fJr (ft (if 


Q-+ . 


(52()) 


(,•)'• l)e Sitter has obtained slightly 'Ufferent expressions (Monthly Soticcs, 
Vol. 76, p. 723, (Hpiations (:5) ). 

(4) Jean Chazy in his Tbcone T)e La Retafivite, Yol. I. p. 101, has found the 
forces ns 


rM/ r^- ,_ 2 h ) 


where ~ + v / f — ^ 2 2 

s' and y' being derivatives with regard to time ; 

2 ^fv 


and 


. (527) 




•[‘'-■f) 

7. It will thus be seen that while in Relativity th(^ n(?xt biggest term in 

Oj^ *' 

the radial force is a repulsive force 4* ’'r 3 ,iu Levi-Civita^s formula the correspond- 


» Oix ^ . t . 

ing term is an attractive force It is the difference in its rnagjutude which 

enabled him to obtain the correet value for the advance of the periastron by the 
New’toniun method. 

8 . But Levi-Civita^s law would not yield tim correct value for the deflection 

of light. 


[-;S- '“.■'’I’ 


7j 


whoro rcosipsRo 

“ Sd ♦ Newtonian value, the second term being negligible. 
c Ro 

9, Tlie spectral shift of light also will remain constant from the centre to the 



36 


&IK SHAH SULArMAN 


SECTION JV 

Higher Approximatiox 

1 . Einsleiii^s cquatioi* of orbital motion in a f^ravitationul field was deduced in 
Cli. XIII, pp. 275-79, without his imstulates, ‘and both with and without his method 
and a more general form of the latter was «al»o given in Ch. XV App., pp. 80-7. 
Th(* same equation can be deduced in a somewhat different way. 

In a iiori-gravitational field the kinetic energy remains eons taut and so 



In a gravitational field if Newton^s inverse square law were exact and indc 
pendent of the motions of bodies 



where p is tlie product of the gravitating mass of the centre and some constant. 

If the law of gravitation w<‘re only approximately and not exactly Newtonian 
(the velocity of gravitation being finite), we would have 

as the most appropriate form which would approach the Newtonian form ns r increa* 
ses. Tlie last term corresponds to the retarded potential. Here, as on p. 8d, the 
unknown functions /’’s must be independent of ft if the gravitational influpuco is 
nearly nniform in all directions rotind the origin, and they must contain p as a factor, 
because the influenetMnust be projKirtiomil to th(‘ ntass. Hence they are fnnetiona of 
r only, uiid can by Laurent^ theorem be expressed in deseendittg powers of r. 



where A^s, B^s and C’s arc constants {o3'2) 

As the sigmas are .small fractions, we can divide throughout by the coeflBcient 
of the first term and get the form 



where P^s and Q^s arc constants. 
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fl0 

The force being central practically (see Sec. IX) Dividing through- 

out by the square of these we get, 


or 


(S ) 


+ (l + flPl. /^+^P2- 

~ S (f + I^Ql- « + PQ!«’ + ...)" 


, du 


Differentiating and dividing by 2 ”^,weget» 

nu 


d*ii. 


+ n“ + 2pP8n^ + ...= (1 + LVQi- // + 3pCi2M' + 4pQ3»^ +... 

In rapidly descending .series tlie first terms predominate, hence 


(Pu 

(le 


8 + + 




u nearly. 

, d^K 


(o3‘3) 


(53-4) 


(53‘5) 


2. Of course in a iion-gravitatiorml field ^^5 4- // =0, which gives tlie straight 

C08^ 

lino „= jj- 

3 . Ill a gravitational field, the first approximation is which is 

Newton’s equation for the law of acceleration —-^8' 

4 . The second approximation (which can be inferred from See. TX whore it 
will be shown that the retarded potential differs from the Newtonian only in .second 
order terms) is 




iv iV 


This as shown on p. 279 gives the law a.s — j 
where D is found to be the velocity of gravitation eiiual to that of light. 

5 . The third approximation is 

/i» 2 h* 

ftetn whid) the law of acceleration is 

,11 (dhi ■) |A 3p//’ 1 2n*Qi 

-A*»* +nj = - - ~p - ;r- • . 


(.o3'(i) 


(f>37) 
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But by putting 




^k;kB=^B* and kh-h\ we can transform the 


equation into 



u 



3tl!i 
2/’- ‘ 



which is of the Einsteiiiiun form, giving a rotation of the orbit. 

6. la the same way higher approximations can be obtained from 


iiP 


+ tl "h 


^ ( u^2 

T 1 2“ 


«4-l 






I {?i4*l) Qm//** I 


7, From the equation in the form 

the orbit is given by 0— ± + constant . . . (53*8) 

jv Ro“hRj«4-R,//. *4* 

When u is small and the R^s are also small, the integration can be easily 
effected by expansion. 

do t ^ R \ 

8 , Even if the areal rate be not constant and ^“"^1 j 

equation of (53*5) will retain its form. The second approximation will retain its 
own form if h is constant to the first order term. 


9. The following possible law of gravitation is also obvious; 

_ 4-.,. -l-n-M. I 


D’ 


D' 


where 0 ^ 1 , . . . (53*9) 

This gives the correct value for the advance of the perihelion for all values of ^r. 

If .s=0, the deflection of light is Newtonian, but the spectral shift of light is 
Kinsteinian both at the centre and the edge. 

If,v=l, the deflection of light and also the spectral shift from the centre and 
the edge are as already predicted in the previous chapters. 

If .V has other values, the deflection of light and the spectral shift from the 
edge are both reduced in the ratio of ,s‘ as compared to the predicted values. 

But as the retarded potential differs from the Newtonian only in second order 
terms nearly. 


SECTION V 

Two Atthaoting Bodiks 

In Relativity *‘the doable star problem is still unsolved" (IMdington^S 
Note 8, p. 248). No such difficulty exists in our thoor>*. 
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1 . Relative Motion. 

(1) By applying? to tho Sun and the planet velocity and acceleration equal 
and opposite to those of the Sun we reduce tiic Sun to rest. The acceleration 

of the planet relative to the Sun then becomes — 

which is a combination of the inv(Tse square and the inverse fourth power of the 
distance. 

The effect is as if the whole mass were concentrated at tho Sun. The same 


n 

rule will apply even if the law of acceleration bo S 




r'* 


(2) It is thus clear that for relative motion all tho equations and formuho 
previously obtained for an infinitesimal planet become automatically applicable, if the 
two masses be rofjarded as beinjj concentrated at the Sun. Hence, all that is 
necessary for a two-body problem is to substitute (KM-f ///) for p in all the results. 

2 . Ahsohite Motion. 

(1) The actual motions of the two bodies in space are j^iven by the motion of 
the centre of «:ravity added to their motions relative to the centre of gravity. 


We know that — = 

m 


GP 

GS 


and so 


M , m ^G8 

M+m““SP M + m SP‘ 


Hence (as shown in Ch. XIII, p. 280) the acceleration of the planet due to the 
Sun is 


GM^aGM//* I ^ GM^ 1 _ aOM^A* 1_ 
SP=' D““ SP'”' (M + y/??* GP^ D^M-t ///)'' GP* 


Similarly, the acceleration of the Sun due to the planet is 

Qm^ 1 3Gm^A* 1 
GS^ DMM + w?’ GS’^ 

where h stands for twice the common areal rate. Thus both the Sun and the 
planet move as if certain masses are concentrated at the centre of gravity. 

(2) On the Newtonian principle of action and reaction being equal and 
opposite the force exerted on the planet is 

GM^m _ 3GMVi! i 

* {MH'WipGP^ GP‘ * • * 

the force exerted by the planet on the centre of gravity. 

The force exerted on the Sun is 

Gm®M 3Gy/i®MA* 1 
“(M+mpGS* D>TM+7//P’ G8* * * * 

ffl —the force exerted by the Sun on the centre of gravity. 


(541) 


(54‘2) 
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M GP 

Bat from the relation -- - “ it is obvious that the two pulls ou the centre 
m GS ■ 

of gravity exactly balance each other. 

Hence, there is no net aceeleraiion of the Centre of Orainty at alU if the masses 
are regarded as concentrated in points S and P. 

This result contradicts Levi-Civita^s conclusion. 


SECTION YT 


Rehtjucted Three Booiks Prohi.em 


For simple cases of Three Bodies Problem, the ordinary methods used in 
celestial measures can be easily adapted to the new law of Gravitation. For 
the more general case the potential function was obtained in Ch. XIII, Sec. II, 
para 6. 


1. The Motion of a SatelliU. 


Suppose the Moon^s orbit relative to the Efirth and that of the Earth relative 
to the Sun are both nearly circular. 

Taking the origin at the Earth E and the moving axis of 5 towards the Sun S^ 
and reducing the Earth to rest the relative motion of the Moon M can be easily 
found. From Ch. XIII, Sec. II, § 6, p. 280, the accelerations along the moving axis 
acting on the Moon are 


) along me, 


and 

and 


GjE+M) 

t 

as 

E 

G.S 


^ ^ 1 + 1^-’,) along SE. 
( 1 + 1^) along MS. 



But the component accelerations of the Sun’s apparent motion, assume 


dB 

to be nearly circular, are 


and 



-2«45^-o)*6 

dt ^ 
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Multtplyiog these by aud respectively, and then adding and integrating 


we get 


and this is equal to the sum of the irotentials. 


0(fi+ M) ( h* GS/,. H'M, GS/,^ H* 


wh^re 

Al«o 


jind R-constat!t. 
~ =r(Rco)* nearly. 


Accordingly, 

1 «^G(E + M)/.. A*-' H'M 

^ ^ - r (^•*'DnO+ T' l^’^DV*J 




(55'2) 


The initial conditions will determine whether 

I 

nv 


^ R*o)V. . . 

^ ^ — I I positive or negative. 


2. Cornel 

l^ttheSunS with mass 8 be taken as the fixed origin, not being affected by a 
email comet in space, C the centre of gravity of the spherical comet of radius A con- 
sisting of an aggregation or swarm of particles. (R, 0) are the iiolar coordinates of C 





8, tho coordinates of P referred to C as origin, the axis of | being 
0^ a K the swam be not rotating round its own centre then its 
lows the Newtonian fornaHla nearly and would be 
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If X and Y be the componetits of the accelerations duo to S then with regard 
to the moving axes, the equations of motion of P are 


dh 

dl'‘ 



_ 1 

11 


= X-G “ t 

• 



J 


'U/< j ^ (R+l) 

dt 1 

^ Otm 

-Y-jrn. . 

• 

• 


(56-3) 


(55-4) 


But 


X = 
Y = 


-GS 


3GS 


//* 


R+l 


(R+i)=*+V Rr+I)^“ti®?' ?*■ y(¥+T)=+Ti'' 

-GS 3GS h* T} 

(R+?)»+? rr+if+tit' "f'" y(l+i)*+^^ 


But as I and t) are very small as compared to R, 


Y = 


GS 

R* 


21 

R 

)j(l-f)ne«rly . 

. (55'5) 

81 

R 


. (55*6) 


The equations being true for all values of q would also be true for C where 
|=q=0. Hence, when terms are expanded in powers of q, all the terms 
independent of ti must cancel out. 


_v, -p( SGS/, . 3A* U GwI 

Hence -3^,-2-^^ dt^ ^[ifl = R^r + ?R» 


d‘l 

Ht' 


i/*q _„MM*_2GS/, . 9A* \ Gmq 

nearly. 

If the orbit is circular R » constant and o)*= ~ ' 

„ ,, dq . jGwi 3GS/,_,_ 2A* \ i . « 

<l\, o. ±. fG-«» 3G8/., , 3A* \ ) - 

The motion being approximately periodic, we can put 
S^s^A cos (pt+a) and q=B sin (pf+a) 


( 657 ) 
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Substituting WG got 


-p*. A COB (j)^ + a)— 2(op. B cos (;<f+a) 




and 


— p*. B sin(;)/+ a)— 2o)/». A sin(;)/+a) 


1 




or 

p*— I ]^f'[l+,5R4) I C0.s{p/ + a) + 2to/) B siu(;)/+a) = 0. 

Stop. A sin(p/ + a) + |^p'— | 1 + ^.2 j^ii] | |b cos(p/+a)=0. 


The deterininantal equation is 



)}]xl.>-|t- 



- 4.p». 


GS 

IF 


= 0 . 


The left-hand side is positive when p = and negfiiive when either of the 
brackets vanishes. 

For periodicity and stability the roots of tlie quadratic e((uation sliould be real 
and positive. 


SECTION VII 
A New Static^s 

1 . The Relativity results of gravitation involve a serious fallacy. As only 
one eentro problem is soluble in it, the assumption has been made that the effect 
is the same as if the whole mass wore concentrated at the centre of a ring or a 
sphere. But this is true only in the Newtonian inverse square law and not for 
the diiTereat jaw of Relativity. 

For the new law of gravitation a new Statics, just as a new Dynamics, has 
to be built up. If the attracting Sun and the attracted body were both stationary, 
ffssQ, and so the Newtonian law will apply. But in Nature, all Heavenly bodies 
^ in relative motion. 
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2. A Oircular Ring revolving round an exterml point in its plam* 

If a ring with centre O and radius r be revolving round an axis perpendicular 
to its plane and passing through an external 
point P, then every point Q on the ring will 
have the same angular velocity, say to. Let 
OP=R, and p6q=^ and OP(l^<i^. 

Then the areal rate of Q is hi =f/*0) while 
//==R*(o; 

hence = 

do 

Tl)e mass of the element at Q= - M, where M is the whole mass of the ring. 

27t 

Also g'®=R*4-r*— 2Rr cos 0 and r*=R* + ^*“-‘2R^ cos 

Then the component nlong OP of the attraction of the mass element at 
Q on P is 



GM ri . 3/^^ gHR*-r* 

Hence tlie total attraction of the ring is 
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3* A Circular Ring (another method). 

Let PQi Q j cut the ring, where 

PQii =*? I and PQ.j = q^. 

LetPOQ, =^, and POQ, = 02 , . and 

OQ,Q,»o4iQt = n> 

rpi q \ ffdi q 

Al«io R sin </* = r sin "vjj and so R cos cos and cos 4*^ 

A| 2 :ain R cos 

Hence the two positive roots qi and q, of this equation are j^iven by 
gfsrR cos 0 ± R^cos *</>-' (R 7 '*} — R cos f/> ± 7’ cos i|». 



Now if M bo the mass of the riny; then the mass elements at Qj and Qj 

are and 

2 n 2 it 


Accordingly the attraction of these two elements on P resolved along OP is 

J. . .. GMf f 1 ^ Ur 1 X j 1 . 3/7, ' I 1 , ; 

tg, ss — < — -f ^ \ (1$^ -f* t i > (iOi cos 0 

L I ^Ti Qi i [gr ) J 

GM/ I , 3//.*\ /, i »•" . », , r‘ . 4, , \ . 

Hetico tlie attraction at P duo to both the halv<!s of the ring is 

T 

§ 

F * { •“^+ ^ 1 ! }/{ ^“"^ ^-.(3 -co8 2ii.) - «Vj^,(cos 4\1)-4 co82i() 

o 

+ 3 ) + ... 

„^GM/ 1 . 3// V, . r*_ , r* \ 


R* 




(56-2) 
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4 , 7\vo Oireular lUngn. 

lj<*t the radii be a and r, 
Then the attractions of the 
first rin^f with centre P, mass M i 
and radius a on the elements 
Qi and Qj on the second rinj; 
with muss M*, centre O and 
radius resolved along OP are 
respectively 




(1 + 


3r/* 


■ 23t 


0*(// 

ig? 


M ,d«J 

i ^ 

3/^8* 

3«* 

3o*A*M 

2n 1 

— , 4- 

Q» 1 

!! 4 + 

r: Qi 

4g/" 

' 4oV'‘j' 


I cos «/* 


But cos - and R cos cos 

nWi 7'ddj 

Hence the attraction between the first ring and the two elements on the second 
ring, when resolved along their line of centres is 


F3,+ = 


OM,M > 


GM 

o 


_52!£a+.Lll, 


" 1 , Wa' 
) ■ 4eiR' 

1 

. 1 ^ i 

h-il' 

■^r>R‘5 i 


+ 1 ^ I J + ... j j. 

+ (!“»"> *'i'l I 1 - i sin N'“8i^4 ««*'!'} 

Henco tlio whole foroo botwoon the two ringR nlonjf their lino of centres is 


F = 


2 GM,M, 
nR’ 


J r . 3/»>a’ 


_ - 

^ j I ] _ I ^ cm2y^) 

0 - K** 


jp (cob4'\|i-"4co^2^4 3) | 
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4ll ^ r ^ ™ ^ jji (cos4tl» — 4 c<:)r2'i1) 4- 3 | 

l^“RV 

^” 4 R *7 ^ P p I I 

1 ^"r 0 

- 41^1^7 ,.av8 I ^(l-(H)s2\lt)-,'«j.^j(cos4Hi-4co»-Jil>+3) 

l^-RV 

+ (cos Hiii+ . . . . — ]0)| ^/\1' 

R’ L ^“R*' 4R* )'^ 4 ' R” I 


4- . 


iiearly . (5I5‘3) 


This result could have been writtcMi down straifjht oif from that of one rin^ on 
cousiderations of symmetry. 

5 , The Ailractioti of a i^pherical Shell oh a iHovinf/ poioi, 
q cos a|)=r sin </' cos ^ 

The mass dement at Q= X J \ ^\ t*’ 

pr^dr sm 4^d^>(ld. j — y 

A»R.f? and hx^q sin x\uv ! o Ir^ j | u ' 

and so//!** — (7**"'** <1* cos^a) \. ^ 11 J 

cos 4 >+Il‘ and 
qdq^rR sin i>di>. 

The attraction due to the dement at Q along OI^ is 

Fj- -G prhh’ Hill UM6 { p + } ‘' 0 » «• 

= — G pr^dr sin MHo | sin*</' cos*^ | Xoos a. 

The Httruction of the whole ring is 


Ffa*-“Q pr^dr sin <^d<^ 


0 

i (1 +«o82«)jrfo. 
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R* " Lr c*B»/ I c*R*/ 9 * 4 c*R* 

3A»(R«-r«) 3fc*(R^ -»•»)» 3A*(R*-r*)2 . 3&*q* 

4c’R^g* 8<;‘RV* 8c*R*9*' 


8<!*R‘ 
■ ■ • <»« 


Hence the attraction due to the whole shell is obtained by integrating from 
(K * a) to iR -I- n) with respect to (I' and is 


17 - Gnn \ , \ , 4// VI ^ 


{56-6) 


64 Atlradion of a sphere on a inoving particle. 

The attraction of a whole sphere is obtained by integrating the above from 0 
to a with respect to r and is 


a 



where M is the mass of the whole sphere (56‘6) 

This force function for a sphere had been obtained by mo by an appro- 
ximate method. The more rigorous proof substituted in the preceding paragraph $ 
is due to Mr. Omar Ali Siddiqi.) 


7* The mvhial attracHon of two sphm^es. 


The mutual attraction has been obtained by taking the attraction of one sphere 
on a point on the second sphere and then integrating for the second sphere succes- 
sively for ring, shell and then sphere. 

For relative motion the force is , 


— GMiM g L , 3A* / - _ + V| 


mir 


6 . Two spheres revolnng round their common centre of grarity- 
Obviously MiRi «M*R* sad R=Rj + Rt 


' and so 


1 _ Mt 1 
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If w be the instjintaneoiis angular velocity of the two centres round G, then 
A=(Ri + Rj)’w, from which j • Aj 


and 


tT,„, . GM,» 1 (• a(M,+M,)»A,» 

Hence/'- (M7 + M,)t RaH^"^ 

X M,.V A] 

5Ra*‘ (M, + M,)Vj 


(568) 


SECTION vm 

Al'ri.ICATlONS OF THE LaW 

1 i The Spectral Shift- 

0) Taking (56’6) as the law of acceleration of a moving particle under the 
■ attraction of a sphere, 

,r_. GMT, . 

F-- 7r[i+,v> 5cV j 

Henpo as in Oh. XIII Sec. IV (5), p. 285, tlic spectral shift from the edge of 
■;th«'Suh''iB , 

^ J — ..J^. A- 1 f^g A area, nearly. 

0 * A a a 25 a J 

. (571) 




'i. 


47 ■. ■ ^ 

:33 mmt, m n 4 ' ■* , ' , ’ , , , 

80 t*a 

^ 0 per cent thore tlian Einstein’s value 
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(2) The spectral shift of light from any point on the Solar disc, according 
to the method in para (6), p. 286, is 

= 

2. The De/leclioii of Li(/hf. 

As ill para (iJ) (ii), p. 284, the nuiximiim deflection of light is 


e 






5c* r'’ J 




COB i|) d 1}l 


where /< = rR nearly and r cos 


“1^1 j^cos rj) + 3 cos®i|)- — ■ 
■■ J 


cos^li 



c*R 



2 + 4- 


3 

80 


R' 


K-p). 



where a is the radius of the Sun, and R the shortest distance .... (57*3) 

This equals 2"*33 for stars in line with the edge. 

It is thus obvious that the error in the previously announced value will 
diminish ns one proceeds away from the edge. Thus so long ns errors do not come 
in owing to the proximity to the edges of the plates, the value of deflection will 
increase the further the star is away from the Sun. (See my paper in Ctffrent 
AScienc(>, Vol VIT, p. 67, para 2.) 

Owing to the corpuscular character of light, the further error will be the 
repulsion due to the pressure of light on light, which also will diminish as the in- 
verse square of the distance when the star is further away, (See my paper in Cwr- 
nnf Science, Vol. VI, p. 458.) 


3, The Advance of Penhelion. 


The value remains practically the same as before, * 

c n 
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4 * Coli^fiive Force hetireen Atomfi, 


Consider two Hydrogen atoms with radii a and distance R apart. Each 
system has a negative electron 
revolving round the positive 
proton, while the system as a 
whole may be in motion. Each 
electron may approximately be 
regarded as a negatively charged 
circular ring with the line den- 

sity while the two protons are relative to their (dectrons practically stationary 

and have their clmrges H-c concentrated at the centres. If the ijrotoiis are moving 
then the elecdronfewill have a double* motion — with the orbit and in the orbit. 

With the help of the previous IWinuhe, the force's l>(‘t\v<*(‘n the two positive 
and two negative charges can be written down approximately as 



between + and + 




) 


• * . 

1 

+ 



3/<'' 'A </* .-{ 

;.vfC'''4 IC 4 r^lC 




(l+'^ + 
1 

:i/C :Wr .'i //’flM 
cMC 4 K* 4 CR* / 



c* 1 

\ mi + 

3 «* 3 //,*«* 1 


— — 

R'» 1 

e’lC 2 R'’" 2 e*R* / 


nearly 


Hence the sum-total of all the four forces is 




which has n net positiee value 


(oT-S) 


Thus the necessary consequence of the new law is tliat even if electric attrac- 
tion and repulsion between two opposite and similar unit charges, respectively, 
h« einctly equal, there will still be a net small excess of attractive over repulsive 
forceB between two atoms, manifesting itself as a cohesive force, for which no other 
hxplanution exists at present. The force will increase as h increases or R decreases, 
And oan account for the combining of atoms into molecules. 
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8E0110N IX 

Guavitation Untfikd wrrH Euscxmcm' 

L Newton\s conception was that gravitatiotial force was exerted even at a long 
distance instantaneously and so it made no difference whether the affected body or 
the source was stationary or moving. This was unfortunately supposed to bo con- 
firmed by Laplace^s deduction from planetary motions tliiit the velocity of gravitation 
even if finite must be fi million times that of light or more. As electrical waves 
were propagated with the velocity of light, it became impossible to identify gravita- 
tion with either electricity or light 

2. By the artificial device of introducing an imaginary fourth dimension of 
time, regardless of the uii^A>nvincing postulates the assumption involved, Einstein 
evolved his General Theory of Relativity so as to include gravitational phenomena, 
and to produce astronomical results as then known from observation. But in that 
theory the velocity of gravitation had no intrinsic meaning, as it depended merely 
on the choice of coordinates. Hence a unification of electromagnetic and 
gravitational phenomena was impossible. Attempts have since been made to devise 
some other artifice for obtaining a unified field theory to combine both. If 
electromagnetic phenomena are three-dimensional and not easily commensurable 
with Einstein^s four-dimensional gravitational phenomena, the easiest idea was togo a 
step further and take a space of five dimen-sions which really by compounding and 
not unifying would have both these effects as particular cases. But as the fifth 
dimension did not manifest itself physically, a further arbitrary condition had to 
be introduced. As a purely mathematical exercise, tlie attempts have not been wholly 
infructnous, but as a physical concept they are an utter failure and only help to 
lead ns one step further away from reality. 

3. If Lnplace^s difficulty can be got over and the gravitational influence could 

have the same velocity as light or electric propagation, the position would be 
simplified and a complete unification of all these phenomena brought about. As 
shown in my paper on Gravitation [New Zealand Astronomical Society's publication 
“The Southern Stars", Vol. 3, Oct. 1937, p. 2. and p. 7) gravitational foiree can be 
the slight excess of electric attraction over electric repulsion. So far it has been 
arbitrarily assumed that the force between two equal and opposite unit 
charges is exactly equal and opposite to that between two equal and simil^ 
unit charges (Coulomb's law). But the two forces may be only nearly at^ 
not exactly equal in magnitude, the attracting force exceeding the repulsive 
force very slightly. In such a cose the cumulative effect of the escce^ 
due to pairs of atoms in two bodies will evidence itself as an. 
gravitational force between them, which however wo^ be e^ttremely ^ 
compared to electric force. . ■ 
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It has already been shown in Ch. XIII that Einstein's four-dimensional continuum 
is really a partial misiiiterpretatiou of spherical wave propagation. If it is nothing 
but an electric wave propagation, then from the well-known formula of Lienard 

and Wiechert for the retarded electric potential ~ - fo^ a moving charge, 

it can be seen that to the first order the value remains unaltered in spite of the lapse 
of time. 


The Formula for the Retauj)ei> Potentjaj. 


4. ICddington in his Relativity (Note 10, pp, 252-53) has obtained a formula 
giving the potentiid at time t in terms of the positions and the strengths of the 
source at the time (/-x). But unfortunately he has taken tlie velocity of propagation as 
unity, which conceals its true .significance. (k>nsider a fixed j)oint P at time /, and 
a moving source S at time (/-t), the distance PS being givim as a function of (^-x), 
so that 

PS=r=/’(/-x) 

Then the component velocity of 8 along SP is 
V,. = - ~ nt-xh 

Suppose that the wave emitted frotu S at time (/— x) has at time / reached 
a point Q, while travelling with vcJocity D in the direction SP, then 

PQ = p«l).t-r=D.T-/ (^-x). 

Thus p and x are functions of each other. 

By differentiating, 


Hcnct* if V(<--t) b« any quantity associated with the source 8 at the 
time (#~t) 


( V 


i-x 


Y(i-x) ih 

Tit- T) ‘ ftp 


(Ip 


where 



The approximate value of x required in calculating a retarded potential i 
tiven by the condition that Q coinddee with P, i.e., ps= 0 . 
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Hence 
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where the square brackets indicate the antedated value. 

By Laffrauge’s theorem on the expansion of implicit functions, writinf; 

t)=^ / — j) )” wo have 
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where on the right r and Y are to be taken for the time t . . , . (57*1) 

5. If the gravitating source were stationary, a static potential field would be 
established. But the great Heavenly bodies are themselves in motion ; so tiie 
principle of retarded potential must be applied. It was pointed out in Ch. TIj 
Bee. II, para 10, p. 130, that Laplace was quite wrong in conclndihg tbat unletn 
tlie velocity of gravitation was enormously large, the tangential oomponent wonld 
emae mnoh larger pertut^bations than are atitoaUy observed, because the effeei'^bl the. - 
first order termis really ootnpensatod for by tiie effect of the 
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For the gravitational potential V==M, the constant mass of the sun. Hence 


the first order term 


1 dY 

”D V/if 


viinishes, and the next siuallcr terms which constitute a 


very rapidly diminishing scries would not cause the disturbance which had worried 
Laplace. Laplacc^s objection therefore becomes ifiefFectual if the gravitational 
potential behaves analogously to electrical potential, much more so if gravitational 
and electrical potentials are really identical. 

It follows that if 8 and P were two attracting particles, then, to the first order 
term, P will be attracted in the direction PS and not its displaced direction 
P^S, in spite of the gnivitiitional influence being ])ropa gated with a finite velocity 
equal to that of electric wave propagation, /.c., of light In particular as for the 
Sun Vy. is small, the force of attraction on Mercury remains almost radial despite 

the finiteness of the gravitational velocity. Thus the difficulty experienced in the 
earlier chapters (the method of which has been abandoned) disapi)Cars and a resisting 
medium is not required to counteract perturbations not observed. 

M ^ 

Ttikiug the potential function in the New Theory as — + 
retarded value is 
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diminiahing aeries 

Hence the acceleration to the first order effect is 
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and smaller terms, which represent a 
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, where the last term is negligible. 


(57-3) 


Accordingly for practical purposes the law of gravitation remains unaltered. 
Light has already been shown (Chs. XTV and XV) to be an electromagnetic 
system. The unification of Gravitation, Light and Electricity is now complete. It 
is therefore no wonder that all have the same velocity of propagation. 


SECTION X 

Tub PfiOBLBii OF the red SHirr of the Solar Si’EfrrRUM 
/ ; iQi tbe October, 1037, pages 266—271, a paper of J. Everehed, 

thV title was published in which on page 270 he kindly referred to 

corpuscle consists of a binary system with components of 
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equal mass and opposite chari^es, rotatirijii round each other and travelling forward 
with the velocity of light; which leads to the spectral shift of light from the edge 
of the 8un being twice Einstein^s value, my formula being (l -f sin*a) times Einstein’s 
value, where a is the angle between the line of sight and the radius of the Sun 
meeting the point from which light is observed. The deflection of light front stars 
past the Sun on iny theory lies between 1'3 and 1'5 times Einstein’s value. Evershed 
conceded that these predictions appeared to be confirmed by his measures of the 
iron lines in the red and by Freundlich’s observed value of the deflection of stars, but 
announced that the displacements of the sodium D lines at the limb of the Sun and 
at the centre have precisely the Einstein value. 

His fuller paper “ The Red Shift of the D Lines of Sodium iu the Sun” 
(Monthly Notices of the R. A. 8., Vol. 98, No. 3, January, 1938, p. 195) how- 
ever shows that (1) the calcium lines Hg, Ka, like the iron lines, give displace- 
ments at the edge, which are double of Einstein s value, and still larger values 
at the centre 

but (2) sodium lines Di (not I)*) show no substantial diflercnce between the 
last centre and the limb. 

In the Observatory^ Vol. 61, p. 298, November, 1938, I have pointed out why 
the last result cannot yet be accepted as reliable, 

It is submitted that the true test of Einstein’s value can be furnished only by 
measurements of the spectral shift of lines at the edge of the Sun iu the red region 
least subject to refrangibility, preferably at the time of a total or annular solar 
eclipse, when the scattering duo to light from the centre would be nil. 

So far Royds alone has made measurements of the spectral shift of solar light 
at a totjil solar eclipse. Hia observations were at the centre and near the edge at 
distances from the centre: *28, *57, *76, '90, *95 and *97 times the Sun’s x*adias. They 
undoubtedly establish that the shift has a tendency of increase as one proceeds from , 
near the centre towards the Edge, and that it is double of Itliusteiii’s value at the 
Edge. At the centre itself the values are unreliable on account of the high dis- 
persion used. (Monthly Notices, Vol. 97, pp. 692—95 and Nature, Vol. 140, July 8, 
1937, pp. 12-13.) I 

I previously pointed out that owing to various causes there is a deficiency in ^ 
the measurements ; up to half the distance from the centre the values, though 
gradually increasing, are below Einstein’s theoretical value ; and for the other half, 
they are above it, and still gradually increasing. Unfortunately the method adopted 
so far had been to take a mean of all values from the centre to the edge, which 
obviously conceals the otherwise patent fact that the spectral shift is not the same 
at all points, as Einstein’s theory would suggest, but that there is undoubtedly a 
rapid and progressive increase as one proceeds from the centre towards the Edge. 
As shown by me at the Science Congress (January 5, 1938), this effect wotdd become 
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promineat if a curve were drawn for the difference between the spectral shift at any 
point and that at the centre. 

The New Theory of Light gives a natural explanation of the spectral shift of 
nebulae as being due to an inherent loss of frequency with the passage of time, 
without assigning to them tremendous velocities of recessiou. 


The Holar Spectral SniFr Cpkves 

22 u 

From (57*2) AX— AXo= “vr * -T * sin®a, which is a i)iiraboIa in shape. 
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CONTRIBUTION TO THE MORPHOIX)aY OP OROBAh^CHE 
AEGIPTJACA PERS. 

By Giiua Dayal Shivastava 
Dkpartmkkt ok Botany, UmvRReiTy of Au.ahabad 
Communicatyod by Dr. P, Mabcehwnri 
Reeeivetl Mardi 24, 1UH9 

(With eight figures in tlie text and plates I, II and III ) 

SUMMARY 

1. The origin and development of the floral members on the thalamus is in the usual acropct-al 
orde^. 

2. There are four anther-lobes. Tlie archesporium is a hypodennal layer in each anthcr-lobo. 

3. A. single sporogenous band is differentiated from the archesporium vhioh gives rise to the 
spore mother-cells. These undergoing the usual stages of development, give rise to the |x)l Ion-grains. 

4. The haploid number of chromosomes at the raetaphose stage of the first reduction division 
is nineteen. 

5. The pollen-grain is two-ceUe<l at the time of shedding. 

6. Numerous anatropous ovules, each with a single massive integument, »re formed ou four 
parietal placentas. The development of the ovules is of the usual typo. The hopodormal archesporial 
cell functions directly as the megaspore mother-cell without cutting off any wall cell. 

7. The megaaporc mother-cell by two successive divisions gives rise to a linear tetrad; the 
etnbryo-sac arises from the chalozal one, while the other three degenerate. 

8 . The mature embryo-sac is of the normal typo. It contains one egg, two synergids, the fusion 
nucieuB and the three antipodal cells which soon degenerate although their remains persist for long. 

9. The endosperm is of the cellular type. The embryo-sac is divided into two chambers 
by a transverse wall. The next division in the rnicropylar chamber is longitudinal and subsequently 
transverse walls are kid down towards the rnicropylar end, cutting off the two rnicropylar haustorial 
cells The middle cells by subsequent divisions form a mass of endosperm tissue. 

30. In some ovules, the rnicropylar chamber elongates and divides transversely separating off at 
the micropyJor end the cell tliat will give rise tO the rnicropylar hanstoria. Further transverse 
divisions take place in the middle cell. Subsequently longitudinal walls are laid down giving rise 
to an endosperm as U observed in the former case. 

n. The chalazal chamber becomes bin ueJeate and functions as a chalaxal hauatorium. Some- 
times 3-4 nuclei are seen in this cell which liecomos divided by an oblique wall It is almost iiiacUve 
but persists for a long time. The rnicropylar haustoria are active during the early stages of the 
embryo development. Both are differentiated from the primary endosperm diambers, 

12. The oospore elongates and divides by a transverse wall into the suspensor cril an4 tJk 
embryo cell. The stmpensor is elongated, sometimes consisting of a number of edk The embryo ceR 
further divides by longitudinal and transverse walls. 

13. The nutritive jacket originates from the intogum^tal cells immediatdy adjacent to the. 

degenerating nucellus. After fertilisation, it completdy surrounds tiie embiyo-sac. Its cdk ^ 
often binueleata It is similar to and serves the same function as the anther-tapetum. ; 
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iNTRODtTCTION 

On account of tho parasitic habit and consequently of the general biological 
interest of Orobanche and allied genera, the family Orobanchacefe has been subjected 
to repeated investigations both from the morphological and biological viewpoints. 
The earliest morphological work was on C/im/tw/ua ,(W however 

dealt only with the development of the ovule. Carter** found that the megaspore 
mother-"Cell in 0, minor developed in the same way as described for Sirophtdaria 
marylandica (Schertz).*^ Glisic'Weported that the embryo-sac development in 
0. hed^rm and 0. gracilis was of the normal type while the formation of the 
endosperm and haustoria was like that seen in Scrophulariaceie, He concluded 
that the Scrophulariacete and Orobanchace«e are closely allied to each other. Cassera^ 
also noted tho great resemblances of tho Orobanchaecte to tho Scrophulariaceee 
in a number of characters. Juliano* described the anatomy and morphology of 
the vegetative and reproductive organs of Aegineiia indica liinn., an important 
root-parasite on the sugarcane plants in the Philippines. 

Mathriai. and Methods 

The plant is a total root-parasite, commonly found throughout the plains of 
India. It is an annual, parasitic on several members of the Cruciferom and Solana- 
ceas. It appears in the month of November and continues to flower till the end 
of March, when the plant dies after producing the fruits and seeds. The material 
was collected at Allahabad in the fourth week of November, 1937. The ovaries 
showing various stages of development were divested of the sympetalous corolla, 
iueluding the epipetalous stamens. The longer ones were cut transversely and 
longitudinally to facilitate penetration of the fixative. It was found necessary to 
exhaust air from the material by suction as it did not sink in the fixative. Various 
fixatives were used but Langlet’s modification of Nawaschin^s fluid** proved most 
succeasfuL Sections were cut at fi-JO microns and were stained both in safranin, 
gentian violet, Orange G and iron-alum haematoxylin, often counter-stained with 
Orange G. The latter was the most suitable combination and gave good results. 

The Feower 

The scape bears numerous flowers, closely arranged in racemose order. Tliey 
are bracteate and pedicellate. The corolla is bilabiate and blue in colour. There 
are four StnmenB which are didynamous and epipetalous. The ovary is bioarpellary, 
ovoid, nmlocutlar throughout. There are four lamellate parietal placentas. Numerous 
an^ropous oYoles of very small size are borne on these placentas. 

Organogeny of the Flower 
development of tho floral members is in the usual acropetal 
The appearance of a papilla in the axil of a bract is the 
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first evidence of the formatioji of a flower. The papilla is in the form of a 
hemispherical mass of meristematic cells, terminating the floral axis. As it 
increases in size, the calyx is the first to make its appearance as an annular 
outgrowth at its base. The corolla conies next and then the stametis. As there 
are only four stamens, often only one is seen on one side in longitudinal section 
(Text-figs. 3-4). The tip of the floral axis is used up in the formation of the 
carpels. As they develop, they become narrowed at the a])ex and fuse to form 
the style and stigma (Text-figs. 5-6). 



P'igs. 1-4. Longitudinal sections of flower buds showing stages in organogeny. 
X 29. Figs. 6—6. Longitudinal sections of ovary in early stages of development. 
X29. 


Thk AN'niKU AND Development of Poi.tjgn-orains 

The young anther shows four distinct lobes in transverse section. In the 
young condition all the cells of the anther are alike. Later a hypodermal layer 
is differentiated under each lobe to form the archesporium, which thus consists of a 
plate of cells (PI, I, fig. 1). This divides into an inner-sporogenous layer and an 
outer-primary parietal layer. The cells of the sporogenous layer divide once or 
twice to form the microspore mother-cells, which are arranged in the form of a 
crescent-shaped band as seen in transverse section (PI. I, fig. 2). They are easily 
distinguished from the surrounding cells by the density of their cytoplasm and 
their conspicuous nuclei. The primary parietal layer divides by tangential walls 
into three layers. The innermost layer, in contact with the sporogenous layer 
becomes the tapetum (PI. T, fig. 3). Its cells have prominent nuclei and in the later 
stages become bi- or even tri-nucleate due to mitotic divisions of the nucleus at the 
time the microspore mother-cells are in synizesis (PI, I, fig. 6), The outermost layer 
beneath the epidermis becomes the endothecium. There is one intermediate layer, 
whose cells become flattened and crushed due to the expansion of the cells both 
within and without. 

In the resting stage the nucleus of the microspore motlier-cell shows a fine 
reticulum, composed of a large number of deeply staining bodies (PK I, fig. 4). The 



MORPHOI.OOy OF OROBANOttK AEGYPTIAOA PEUS, 61 

first «iga of the entry of the nucleus into the meiotic prophase is indicated by an 
inorease in its size accompanied by the formation of a system of chromatin threads. 
These become more and more prominent during^ succeeding stages and finally occupy 
the whole of the nuclear cavity, spreading in the form of a loose tangle (PI. I, fig. 5). 
This is the leptotene stage of the meiotic division. Later the cytoplasm of the 
mother-cell begins to shrink from the cell wall. Just within the nuclear membrane, 
a narrow zone of clear area is formed, from the inside of which a series of delicate 
fibres make their appearance, which constitute the spindle. The fibres atbich 
themselves to the bivalents, which are nineteen in number (PI. I, fig. 7). C^irter^ 
reported the same number in 0. minm\ The daughter chromosomes then travel to 
the two poles. No cell-plate is formed after the first division (PI. I, fig. 8). There 
is a small interval of intorkinesis but very soon the daughter nuclei prepare them- 
selves for the next division. Another set of spindles is initiated which may be 
arranged either at right angles to each other or lie parallel, the former being the 
more common condition (PI. I, figs. 9, 10). 

The four nuclei, formed after reduction division in the pollcn-mothcr-cell, 
become separated from one another by furrowing to give rise to four microspores, 
all of which are functional (PI, I, fig. 11). The original cell-wall of the mother-cell is 
present up to this stage and the tetrads are embedded in the mucilagitious coat 
(PI, I, fig. 12) which eventually dissolves and the microspores are liberated 
(PL I, fig. 13)*, The young microspores then round ofi’and acquire their own coats 
(PL I, fig, 14). Long before dehiscence, the nucleus of the microsporc is divided 
into two (PL I, fig. 15). Before the division is to commence, the nucleus lies at one 
end of the cell, while the other end is vacuolate with only a thin layer of cytoplasm 
along the wall. The generative cell which is adjacent to the wall is much smaller 
than the vegetative (PI I, fig. 16). This is the shedding stage of the male game- 
tophyte (PL I, fig. 17). 

The Ovtji*b aki> the Development of the Embryo-sac^ 

The flowers are strongly protandrous and the ovules begin to arise from the 
placenta only at the time when the microspores are fully formed. The nucelli 
appear as small papillte, formed by the activity of the cells of the placenta 
ftext-fig. 7). The single hypodennal archesporial cell becomes recognisable at an 
^ly ttage by its large size and conspicuous nucleus, much before tlm integument 
rna^es its appearance (PL II, fig. 18). No parietal cell is cut off and it functions 
4 jNN 9 tly the megaspore mother-cell, thus conforming to the general rule among 
the Sympetalse. The nucellus is single-layered. 

subseque^^ enlargement of the megaspore mother-cell is accompanied by 
of the single integument which eventually becomes several layers 
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thick. As a resvilt of quicker growth of the cells on one side, the ovules gradually 
bend over towards the opposite side, finally becoming completely anatropous 
(Text-fig 8). 



Fig. 7. Transverse section of the ovary showing four parietal placcmtas. x 44. 
Fig. 8. Longitudinal section of the ovule showing single layer of nuccllus and 
mas.sivc integument, x 400. 


The megaspore mother-cell then elongates and undergoe.s two consecutive 
divisions, giving rise to u row of four raegasporcs. The one towards the ohalazal end 
is the functional megaspore (FI. II, fig.s, 19, 20). Degeneration of the other three 
megaspores does not follow a definite course. It usually proceeds from the 
micropylar end towards the chalazal, but sometimes the second degenerates only 
after the micropylar and sub-chalazal (PI. II, figs. 21, 22). 

The development of the. ernbryo-sac conforms to the normal type. The 
functional megasporc enlarges and becomes vacuolated (PI. II, fig. 21). Its nucleus 
begins to divide quite early and the daughter nuclei migrate to the opposite poles 
of the enlarged embryo-sac. Both divide again simultaneously, giving rise to the 
four-nucleate embryo-sne, A large vacuole now occupies the middle of the sac 
(Pi. ir, fig. 23), which continues to enlarge and finally destroys all the 
nncellar cells lying around it. These four nuclei divide again (PI. II, figs. 24, 25) 
and the normal eight-nucleate embryo-sac is formed (PI. II, fig. 26) By this time 
the nuccllus has almost disappeared, although traces of it are seen as dark masses 
or streaks along the side of the sac. 

The mature embryo-sac is elongated in outline with its broader end towards 
the micropyle (PI. 11, fig. 26). At the micropylar end lies the egg-apparatus 
consisting of an egg and two synergids. The egg is larger than either of the 
synergids and lies in between them at a slightly lower level with a big vacuole 
towards the apex. The synergids are elongated and more or less pyriform witii 
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prominent nuclei and basal vacuoles (PI. II, fijr. 27). The two prominent polar nuclei 
lie in the middle of the sac below the cgj;, and fuse to form the fusion nucleus 
(PL II, fig. 28). There arc three antipodaLs at the extreme chalazal end whicli begin 
to degenerate very early, although their remains persist for a very long time even 
up to the formation of the endosperm (PL III, tigs. 34, 38, 41). 


ENDO.SPKnM 

Among the Orobaiichacere, the cellular type of endosperm has been reported 
in ChrifitiHOuia (Worsdell)^ * Phrlipaea eoeriflea (Bernard)*, (). c^imann (Persidsky)* 'L 
0. and 0. gracilis (GU.sicO^ G- nai flora ((^assera)* and in Avginviia hnUca 

(Juliano)**. 

In ffccordunce with the statements of previous authors, endosperm development 
in 0. acgypilnca is also of the cellular type. 

The first division of the primary endosperm nucleus, which takes place much 
earlier than the division of the oospore, is followed by a transverse wall which 
divides the sac into two chambers, the micropylar and the chalazal (PL 111, fig. 35). 
The nucleus of the micropylar chamber moves upwards and rests in the vicinity of 
the oospore. The nucleus of the chalazal endosperm chamber moves down and 
divides to form two nuclei which lie very close together. No wall is formed between 
them and this binucleate cell normally functions as the chalazal haustorium 
without undergoing any further division (PL III, fig. 36). Occasionally 3-4 nuclei 
are seen in this cell which thus becomes divided by an oblique wall (PL III, 
figs. 37, 38). 

Further development of the endosi)erm takes place in the micropylar chamber. 
The first division is by a longitudinal wall and subse<juently transverse walls arc laid 
down cutting off the two micropylar haustorial cells from the rest of the endosperm 
(PL III, fig. 36). At this stage there are five endosperm cells the binucleate chalazal 
cell (acting as a haustorium) the two elongated micropylar cells which give rise to 
the haustoria, and the two endosperm proper cells in the middle. These last undergo 
further divisions, both transverse and longitudinal, to form a mass of endosperm 
tissue. In older stage the endosperm cells press into the antipodal end of the sac 
and the chahusal haustorium is reduced to a small pouch-like structure (PL III, 
figB, 39, 40). 

There is another type of endosperm formation seen here, though it is less 
common. This differs from the former only in its early stages while the later stages 
for both the types are the same. Both are frequently seen in adjoining ovules of the 
same ovary. After the first division of the primary endosperm nucletta;,by a 
transverse wall, the micropylar chamber elongates and divides transversely, cutting 
off at the upper end the cell that will give rise to the micropylar haustoria. Furtlier 
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transverse divisions take place in the middle cell {PI. Ill* fig. 41). Longitudinal walls 
ore formed afterwards and further development is repeated as in the former type. 

Haustoria 

The two micropylar haustorial colls soon elongate and divide rapidly. The 
apical part of the liaiistoria, which is active, consists of two cells. These elongate 
considerably and form processes which branch freely and bend downwards into 
the tissue of the integument which thus is a source of nutritive supply to the embryo. 
These have prominent nuclei and dense protoplasm. The lower part consists of 
two longitudinal rows of small plate-liko cells. Towards the base, these broaden 
and pass into the true endosperm. The haustoria are prominent only during the 
early stages of embryo development (PI. Ill, figs 39, 40). 

The chalazal haustorium is not active and soon shows signs of degeneration. 

NimiiTivB Jacucet 

This originates from the cells of the integument, immediately adjacent to the 
degenerating nucellus. During early development of endosperm, the cells are 
elongated with their long axes perpendicular to the embryo-sac and are biaucleate. 
These cells grow remarkably large and soon become vacuolated (PI. Ill, figs. 35, 41). 
This is similar to the tapetal layer in the anther and probably serves the same 
function. 

Embryo 

The oospore remains dormant until the endosperm is almost completely formed. 
The first sign of development is a slight elongation of this cell (PI. II, fig. 29). This 
divides by a transverse wall into two cells, the embryo proper and the suspensor. 
The suspensor is an elongated structure and sometimes consists of a number of 
cells (PI. If, fig. 30). It is finally absorbed and disappears, The embryo cell further 
divides by longitudinal and transverse walls and follows the normal sequence of a 
dicot ^bryo (PI, II, figs. 31, 32, 33). 

Generai. Conclusions 

The more important embryological data on the family are summarised below:— 

Atiih ^\* — In general the development of the anther is quite normal but in 
Ae{fineiia indim (Juiiano)® only two microsporangia are seen in transverse section* 
After reduction division cytokinesis of the microspore mother-cell takes place by 
furrowing. Two-celled pollen-grains have been observed in Epiphegm mrgitmm 
(Cook and Sch|rely)^ Aegimlia i^vdiea (JuUano)® and in 0. (fegypiimi by the present 
writer. 
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Ovule : — The nucellus is reduced to a single layer of cells as in most of the 
%n3petal». There is a single massive integument whose innermost layer forms the 
nutritive Jacket, which directly surrounds the embryo-sac. 

/—The hypodermal archesporial cell functions directly as the 
megaspore mother-cell. Parietal tissue is absent. 

Embryo-sac: — Normal tetrad formation has been observed in Christiso 7 iia 
(Worsdell)^*, in 0. minor (Carter)^, in O, uni/lof'a (Cassera)*, in Aeginetia hidtea 
(Juliano)®, and in 0. aegyptiaca by the writer. The only exception is in Aphyllon 
unifloruni {Orobanehc uni flora) in which Miss Smith failed to find any division 
of the mother-cell. This is evidently incorrect since on re-invcstigatiou Cassera* 
has found normal tetrad formation in the same species. The chalazai megaspore 
functions and forms a normal 8-nucieate embryo-sac, ('onHicting statements have 
been made abotit the antipodals. In (K minor (Carter)^ they are ephemeral and soon 
degenerate long before the time of fertilisation. In 0. unitlora (Cassera)*, Aeginetia 
indica (Juliano)* and 0. aegyptiaca^ they are present at the time of fertilisation and 
afterwards degenerate but their remains persist for long during the development of 
embryo and endosperm. 

Endosperm: — The endosperm is cellular and, as noted by Cassera/ it may 
arise in either of the two ways, designated as type A and type B. In the former, 
which is the commonest, the first division in the micropylar chamber is longitudinal, 
followed by transverse divisions, separating off tin? micropylar luinstoriul cells from 
the middle cells which give rise to the endosperm tissue. In type B the micropylar 
chamber divides transversely to cut off a micropylar cell (destined to give rise 
to the micropylar haustoria), and the middle cell which undergoes some further 
transverse divisions followed by longitudinal ones, to give rise to the body of the 
endosperm. 

Type A has alone been reported in 0. hcAlerce and 0. gracilis (Gli8^c')^ and in 
Aeginetia indica (Jiiliano)^. Cassera* has observed both types in 0. and 

the writer in 0. although type A is commoner. Glisic'^ is of opinion 

that type A is the only method of development and doubts the observations made 
by Worsdell,^* Koch^ and Bernard^ that type B is seen in the Orobanchacete. 
The writer agrees with the opinion of Cassera that both the types of development 
are seen in the Orobanchacea? and it may differ in diflerent species or both may 
occur in the same species. 

Micropylar hausknia : — From the study of the endosperm development, it is 
clew* tiiat the micropylar haustoria in these plants arise from Ihe endosperm and not 
from synergids as was once believed by Schlotterbeck.^ * As observed and reported 
fey Koch*^ and also the writer in 0. aegyptiaca^ the micropylar haustoria are 

f/^rm^A of a fertile part which is active and consists of two elongated ceils forming 
processes ^^ i the integument, and tlie sterile part consisting of two longitudinal rows 
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of cells passing into regular endosperm tissue. The haustoria are prominent in the 
early stages of the embryo development only and later on degenerate. 

Citahixal haustoria : — Soon after its initiation the chalazal chamber becomes 
binucleate. It elongates and directly functions as the chalazal Imustoriinn. 
Cassera* observed that it is active in the early development of endosperm. He 
described it as an organ representing a stunted haustorium which, contrary to the 
conditions found in Scroi)hiilariacofe and other Syrnpetalai, never becomes prominent 
nor as highly developed as the tnicropylar hanstorin. The writer has also observed 
the same in 0. aegyptiacaf and agrees with the observation made by (/iissera.* 
Sometimes the chalazal chamber has 3-4 nuclei, and it is divided by an oblique 
wall. This is comparable with the large cell in the basal part of the endosperm 
with 2-4 nuclei, observed by Persidsky^^* in 0. enmaua and 0. ramosa. 

Towards the later stages of endosperm formation, the chalazal haustorium 
begins to degenerate. The writer agrees with Cassera* that this is probably due to 
the pressure ejcerted by the aggressive endosperm tissue and Persidsky^s'® view, 
that tlie nuclei mass together in the chalazal haustorium and by theii* own impetus 
cause the rapid degeneration of the haustorium, is not acceptable. 

The author is indebted to Dr. J. H. Mitter, Head of the Department of Botany, 
University of Allahabad, who gave all the facilities to carry on this work. Sincere 
thanks are due to Dr. P. Maheshwari, a colleague of the writer, for his valuable 
advice, helpful suggestions and criticisms during the progress of the investigation. 
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Expianation of PijAte>s I, II ANJ) III iLLusTRAxmo ClifUA Davat. Srivahtava^s 
Paper on the Mohpholoov of Orobanche aegyptiaca Per8, 

Plate I 

1. Transverse section (a part) of the anther, showing a single layer of hypo<lermal archos- 
|x>rium, x 775, 

Fig. 2. Bporogenous tissue in the anther-lobes ; the parietal layer has cut otf llu' lupetuin on 
the inner side, x 400. 

Fig. 3. Six)rogenou8 tissue, tapotura and other wall layers, x 775. 

Fig. 4, Microsj)Ore mother-cell with nucleus in resting stage, x 1250. 

Fig. 5. Same, leptotejie stage, x 1250. 

Fig. 6. Si>oiT^ mother-cells in synezises; tapetal cells are binuclcate. x 400. 

Fig, 7, Polar view of /irst nictaplmse, showing nineteen hivalcnls, x 1250. 

Fig. 8. Interkinesis afOir first division, x 1250. 

Figs. 9, 10. Tw'O conditions in the disposition of spiiullew for the a(*cond division, x 1250. 

Pig. 11. Formation of peripheral furrows to form the tetrads, x 1250. 

Fig, 12, Microspores within the mother-cell wall, eaibcilded in the mucilaginous coat, x 1250. 
Fig, 13. Microspores, after mucilaginous coat has disappeared, x 1250. 

Fig. 14. Pollen -grain, one-celled stage, x 12^0 

Fig, 15. Bame, division of the microsporc nueleus. x 12.50. 

Fig. 10, Same, two-cclled stage, x 1250. 

Pig. 17. Same, shedding stage with elliptical generative cell x 1250. 


Pjate II 

Fig. 18. Kucellar fwipilJa with a large hy|M>dermal archesporial cell, x 775, 

Fig. 19. Linear tetrad of megaspores, surrounded hy degenerating nm*ellar cells, x 715. 

Fig. 2(X liinear tetrad with functional (clndazall megiisiwre enlarging, x 775. 

Fig, 21. Functional megasixire dividing, thnni degenerating mogaspores of which the sub- 
chalazal has already collapsed, x 775. 

JTig. 22. Binucleate cmbryo-sac ; of the three degenerating megaspores, the middle one is the 
last to dogouerato. x 775. 

Fig. 23. Four-nucleate embryo-sae with mitral vacuole, x 775. 

Figs. 24, 25. The nuclei of the four-nucleate embryo-sac dividing to form 8 nuclei (adjacent 
sections of the same ovule), x 775. 

Fig. 20. Mature embryo-sac with two synergids, one egg, three nntipodals and two polar 
nuclei (not yet fused), x 775. 

Fig. 27. Upper part of the embryo-sac showing the egg-apparatus and two polar nuclei, x 775. 
Fig. 28. Same, with fusion nucleus, x 775. 

Fig. 29. Elongated oospore ; micropylar haustoria. x 775. 

Pigs. 30—32. Stages in development of embryo and suspensor with micropylar part of endosperm, 
X 775. 

Fig. 83. Transverse section of the embryo surrounded by endosperm cells, x 400. 
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Fig. 34, Embryo-»ac eurroutided by jnitriiiv© jacket ; primary endosperm nnckus still undivid- 
ed. X 400, 

Fig. 35. Micropylur and chalas^al endosperm chambers* Oospore in the resting condition. 
Some of the jacket cells binu(!leate. x 400, 

Fig. 36, Chalaxal haustorium binucieatc; micropylar chamber divided Jongitudinally and 
transversely, forming the micmpylar haustona) cells and the middle colls. The 
oospore has elongated, x 400. 

Figs, 37, 38. Cholazal haustorium divided obliquely (adjacent sections of the same ovule), x 400, 

Figs, 39, 40. More advanced stage ; chalazal haustorium ]K)Uch-liko ; embryo embedded in the 
endosperm (adjacent sections of the same ovule), x 380. 

Fig. 41. Endosperm development by transverse wall formation in the middle cell; chalazal 
haustorium binueleate. x 4(X). 











COMPOSITION OF PATENT STILL MOLASSES FUSEL OIL 
OF INDIAN ORIGIN, PART TI 

By SxKHiBiii-snAN DinT 

CHKMieTUY DKPARTMENT, IINJVICIIHITY OF AlFAUABAD 
Recoival March 24, 1939 

SUMMARY 

Indian molasBOS fusel oil obtained from the Patent Htill Distillery of Messrs Hiitherland 

nnd Co., Ltd., of Cawnpore, was exhausuvely examined and fractionally distilled hundreds of 
times, whereby it was resolved into the followinj^ constituents : ethyl alcohol, isopropyl aleoliol, 
n-propyl alcohol, water, ju’ctal. ethyl isohutyrate, isohutyl alcohol, n-hutyl alcohol, isoamyl alcohol, 
n-amyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n' 0 <‘tyl alcoliol, n-nonyl alcohol, furfural 
and a number of high-boiling esters of ethyl, isoamyl, leainyl and n-octyl alcohols, in comltimi- 
tions with valeric, octylic, pelargonic, capric, lauric and myristi<‘ acids. The non-volatilo residue 
obtained at the end of the distillation was found to be a wax consisting mainly of esters of palmitic, 
stearic and oleic acids with n-oetyl alcohol. The solid greenish-brown substance obtained on 
allowing the fusel oil to stand for a week, was found to be a wax consisting of the ester of myricyl 
alcohol with some unknown high molecular weight, aliphatic monocarboxylic* acid. 

In a previous communication by the present author,^ molasses fusel oil obtained 
fromlthe Patent Still Distillery of Messrs Carew and Co , Ltd., of Rosa, Shahjelmnpur, 
was submitted to fractional distillation with the help of fractionating columns and 
ultimately separated into constituents consisting of ethyl alcohol, isopropyl alcohol, 
n-propyl alcohol, isobutyl alcohol, acetal, water, ethyl isobutyrate, n-biityl 
alcohol, isoamyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl alcohol, 
furfural and a solid crysLilline hydrocarbon “ inelene/^ In the present instance, 
molasses fusel oil from a different source, namely, from the Patent Still Distillery of 
Messrs Begg Sutherland and Co., Ltd., of Cawnpore, was taken up for examination. 
Apparently due to different working conditions, the fusel oil from Cawnpore was 
found to be quite different from the fusel oil from Rosa, both from the iihysical 
as well as the chemical point of view. For, whereas the Rosa fusel oil was a pale 
cream-coloured opalescent liquid with a mild, charactiudstic, not unpleasant, alcoholic 
smell, and had a comparatively high specific gravity, Cawnpore fusel oil was a clear, 
brownish-yellow, lighter liquid, with a strong and somewhat nauseating smell of old 
whisky. Chemically also they were found to be quite ditlerent. Rosa fusel oil 
contains about 23 per cent of isopropyl and about 60 per cent of isoamyl alcohols, but 
Cawnpore fusel oil contains only about 2 per cent of isopropyh but over 85 per cent 
of isoamyl alcohols. Rosa fusel oil does not contain any appreciable quantity of 
high-boiling esters, but Cawnpore fusel oil contains nearly 4 per cent of these 
interesting substances, which are apparently responsible for the strong characteristic 
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odour of tlui oil. Rosa fusel oil contains a crystalline hydrocarbon, but Ciiwnporo 
fusel oil contains a crystalline wax in its place. 

From the commercial point of view, Cawnporo fusel oil should indeed be a 
more valuable substance, on account of the much larger proportion of isoaniyl alcohol 
contained in it. With a suitable and comparatively cheap apparatus, the commercial 
recovery of isoamyl alcohol and whisky and rum essences from the (^.lwnpore fusel 
oil would indeed be a profitable proposition. 

ExPEJaME>’TAL, 

Patent Still molasses fusel oil for the present investigation was obtained 
through th(* courtesy of Messrs Begg Sutlierland and Co., Ltd., from theur Cawnpore 
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Apparatus for the continuous distillation of fusel oil. 
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distillery, and was a clear brownish-yellow liquid with a strong characteristic odour 
resembling old whisky. The liquid had a specific gravity of 0*8532 at 22"C, and 
was weakly acidic in reaction. It deposited a very small qtiantity of a greenish- 
white waxy solid on being allowed to stand at the ordinary temperature (22'’C) for 
about a week, and this has also been examined during the course of this investigation. 
Four gallons of, this fusel oil, after decantation and filtration from the waxy deposit, 
was submitted to fractional distil latioti in a special apparatus set tip for this purpose, 
consisting of a globtdar Pyrex boiling flask of one-litrc capacity, fitted with two 
fractionating columns, one on top of the other, and with a device for the continuous or 
intermittent introduction or remov^al of liquid from the boiling apjtaratns, as shown 
in the diagram on page 70. The primary distillation was carried on in this 
apparatus in three stages, as shown in the following table : 


rahfv J 


Low-boiling fractions (Total quantity taken = 4 gallons = 17 148 c.c.) 


Fraction No. 

Boiling range 

1 

80°-90‘C 

2 

9r)°-l27‘C 

3 

12S'-131'“0 

4 Residue 

boiling abov’c 131°C 

5 

Experimental loss 


(Quantity of distillate 
3835 c.c. 

450 C.C. 

12265 e.c. 

803 c.c. 

05 c.c. 


Total ... 17448 c.c. 

Fraction No. 1 separated into two layers on standing. The upper layer No. lA 
was oily and the lower layer No. IB was aqueous. These were individually frac- 
tionated as shown in the following tables : 

Table II 


Fraction No. lA (Total quantity = 2720 c.c.) 


Fraction No. 

Boiling range 

Quantity of distillate 

6 

83’-90'C 

40 c.c. 

7 

90‘-9.'>'’C 

20 c.c. 

S 

95'-99'C 

30 c.c. 

9 

99‘-100*(l 

KK) C.C. 

10 

100'-128’C 

34i3 C.C. 

11 

128’-J31'C 

2170 C.C. 

12 

Experimental loss 

12 C.C. 

■ 


Total .. 2720 cc. 
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Table in 


Fraction No. IB. (Total quantity = 1115 c.c.) 


Fraction No. 

Boilding range 

Quantity of distillate 

13 

83”.90*C 

310 c.c. 

14 

90'-!)5''C 

55 c.c. 

15 

95”-{)9“C 

20 c.c. 

1() 

99'’-100*C 

605 C.C. 

17 

Experimental loss 

5 c,c. 


Total ... 1115 c.c. 


F'niction No. lA + No. 1B = 2720 + 1115=3835 c.c.=l^ctioa No. 1. 

Fractions Nos. 2 and 3 were then submitted t^ refractionatioo, using only 
the lower fractionating column of the distilling apparatus for this purpose. The 
results are given in the following tables : 

Table IV 

Fraction No. 2 (Total quantity =450 c.c.) 


Fraction No. Boiling ninge Quantity of distillate 


18 

90’-95’C 

124 C.C. 

19 

95*.99*C 

80 C.C. 

20 

99*-lOO'C 

134 c.c. 

21 

100*-128*C 

93 c.c. 

22 

128*-13l*C 

17 c.c. 

23 

Experimental loss 

2 c c. 


Total 

... 450 C.C. 


ToAte V 



IVaction No. 3. (Total quantity =12265 c.c.) 


Fraction No. 

- Boiling range Quantity of distillate 

24 

120'-128‘C 

9c.c. 

25 

128*-13rC 

12252 C.C. 

26 

Residue boiling above 131*C 

4 C.C. 


Total 12265 o.c. 
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The various fractions given in the foregoing tables and having the same 
boiling range were united together, whereby the following collected fractions were 
obtained, as given in Table VI : 

Table VI 


Collected fractions 


Fraction No. Collection of fraction Nos, 

Boiling range 

Total quantity 

27 

6, 13 


83°-90'C 

380 c.c. 

28 

7, 14, 18 


OO'^IST 

205 c.c. 

21) 

8, 15, 19 


95'-99’C 

130 c.c. 

30 

9, 16, 20 


gg’-ioo'c 

!)29 c.c. 

31 

10, 21, 24 


100*-128’C 

447 c.c. 

32 

11, 22, 25 


128°-131'’C 

14439 c.c. 

These united fractions were then refractionatcd with the results shown in 

the following tables 

: 






Table VII 




Fraction No. 27 

(Tottil quantity = 380 c.c.' 

I 

Fraction No. 


Boiling range 


Quantity of distillate 

33 


HO'-SS'C 


12 c.c. 

34 


83‘-86"C 


194 C.C. 

35 


86*-88’C 


67 c.c. 

36 

Turbid residue 


107 C.C. 




Total 

... 380 C.C. 



Table VIII 




Fraction No. 31. 

(Total quantity =447 c.c. 

) 

Fraction No. 

Boiling range 



Quantity of distillate 

37 

90"-100'C 

(aqueous emulsion) 

85 c.c. 

38 

IOO’-105'C 



10 c.c. 

39 

105“-110°C 



28 c.c. 

40 

110*-114“C 



24 c,c. 

41 

114”-120'C 



32 C.C, 

42 

128*-13rC 



264 c.c. 

48 Experimental loss 



4 c.c. 


Total ... 447 c.c. 
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Fractions Nos. 36 and 37 consisting of aqueous emulsions were united together 
and to this were added fractions Nos. ^8 and ‘*^9 containing water soluble alcohols. 
The total (|uantity of (107 -f 85+ 205+ 130) 527 c.c. was then submitted to refractiona- 
tion as above. The results arc given in the following tabic : 

Table IX 


Combined aqueous fractions (Total quantity =527 c.c.) 


Fraction No. 

Boiling range 

Quantity of distillate 

44 

83"-8(rC 

160 ox. 

45 

86"-8,S"G 

J2c,c. 

46 

90°-95°C 

1 c.c. 

47 

95°-99°C 

46 c.c. 

48 

9ir-ioo“c 

()0 c.c. 

49 

100‘’-l()5X? 

14 c.c. 

50 

105‘-110‘'C 

16 c.c. 

51 

110‘-114“C 

8 c.c. 

52 

114'-120“C 

39 cx. 

53 

128*-131*C 

169 c.c. 

54 

Experimental loss 

2 c.c. 

Total ... 527 C.C. 


In the following table all the various low-boiling fractions distilling within the 
snnio boiling range have been brought together and their composition indicated 
after being confirmed by the preparation of suitable derivatives (cf. Dutt^.) In 
order to separate the constituents completely, hundreds of distillations were done 
although only about 75 are recorded in this paper. 

Table X 

Low-boiling fractions of fusel oil 


Boilinp; range 

Quantity 

Composition 

Correct b.p. 

Percentage in 





fusel oil 

80*-82‘C 

11 c.c. 

ethyl alcohol 

79’C 

0-057 

83'-88'C 

433 C.O. 

isopropyl alcohol 

84'C 

2230 

88*-95*C 

2 C.C. 

1 mixed isopropyl 

1 n-propyl alcohol 

... 

0013 

95'-99°C 

46 c.c. 

n-propyl alcohol 

97'C 

0-237 

99“-100'C 

1000 C.C. 

water 

100‘C 

6-150 

lOO'-lOf/C 

24 c.c. 

acetal 

104°C 

0124 

105'-110'C 

44 c c. 

isobutyl alcohol 

108"C 

0-227 

110'-114'C 

32 C.C. 

ethyl isobutyrate 

llO'C 

0165 

n4“-120"C 

71 C.C. 

n-butyl alcohol 

116'C 

0-366 

128°-131°C 

14872 C.C. 

isoamyl alcohol 

129’C 

85-230 
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The high-boiling fraction No. 4 was then taken up for re-fractionation, and 
this was done with the help of a short column, 8 inches in length, and in which four 
small bulbs had been blown. The results are indicated in Table XT. 


Tahh XT 

High-boiling fraction No. 4 (Total quantity = 803 c.c.) 


Per- 


Fraction 

No. 

Boiling range 

(Quantity 

Main composition 

(^)rrect Percentage 
b.p. in No. 4. 

ceiitage 
ill fusel 
oil 

55 

1.32°-140°C 

18 c.c. 

n-amyl alcoliol 

137°C 

o'orj 

0'108 

56 

140‘’-150'’C 

() c.c. 

ethyl valerianate 

I45°C 

075 

0033 

57 

16()'-16()T: 

7 c.c. 

ii-hexyl aleoliol 

157°C 

091 

0'038 

58 

160°-] 70^0 

3 C.C. 

furfural 

162'C 

0‘39 

0017 

59 

170“-180"C 

4 c.c. 

n-heptyl alcohol 

174'’C 

n-.52 

0'022 

60 

180°-190"C 

1 

unidentified 


O' 13 

0'005 

61 

190°-200“C 

4 <'.c. 

ii-octyl alcohol 

l!t7°C 

0'52 

0'022 

62 

200°-2l0°C 

{) c.c. 

n-amyl n- valerate 

205'O 

n? 

0'0.50 

63 

210°-22C°C 

3 c.c. 

u-nonyl alcohol 

2I4"C 

0'39 

0'017 

64 

220''-230'’C 

12 c.c. 

ethyl pelarfjonate 

227'’C 

1'50 

0-0G7 

65 

230°-240“(] 

3 c.c. 

unidentified 

. . . 

0'39 

0'017 

66 

240°-250°(,' 

15 c.c. 

isoamyl n-octylate 

248‘'0 

1*86 

0'084 

67 

250'’-260'’C 

18 c.c. 

isoamyl pelarjroruite 

259°0 

2'25 

0100 

68 

260°-270°C 

41 c.c. 

n-amyl pelargonate 

266°(] 

5'13 

0'230 

69 

270‘’-280”C 

118 c.c. 

isoamyl caprate 

27S°C 

14'515 

O'GGO 

70 

280'-290'C 

102 c.c. 

n-amyl caprate 

28G"C 

1204 

0'571 

71 

290'’-300°C 

1(K) c.c. 

isoamyl laurate 

298''C 

1975 

0}>30 

72 

300°-310*C 

74 c.c. 

n-amyl laurate 

307°(1 

9'25 

0'410 

73 

310°-320°C 

k7 c.c. 

n-octyi laurate 

319X; 

3'27 

0147 

74 

320'-325°(3 

24 c.c. 

n-octyl myristate 

324°0 

300 

O'] 34 

76 

76 

Waxy non-voliitilo residue- 140 c.c. 
Experimental loss = 8 c.c. 

... 

17'50 

0'790 


The main composition of the high-boiling esters of fusel oil from fractions 
No. 62 to No, 74 found out by hydrolysis with strong (o0%) ac|ueons caustic 
potash, and after the saponification was complete, by extraction of the liberated 
alcohol with ether. The free acid was then liberated by treatment of the mother 
liquor with dilute hydrochloric acid, and this was also extracted with ether. The 
acid as well as the alcohol thus obtained by the hydrolysis of the ester was then 
fractionated as usual and identified by formation of suitable derivatives (amides, 
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anllidea and silver salts in the case of the acids, and p-nitrobenzoate, 3 : 6-^dinitro^ 
benzoate and acid phthalate in the case of alcohols). The results are given in Tables 
XII and XIV. It has been found that the saponihcation values of the esters are 
often considerably lower than the values expected from the main composition of the 
acid and alcohol obtained by hydrolysis, which indicates that not only the esters 
are mixtures of two or more isomeric substances or homologues, but there are 
hydrocarbons also mixed with them. This fact is borne out during the fractional 
distillation of the alcohols liberated by the hydrolysis of the esters. Along with the 
alcohols as the main constituents, a small quantity of a hydrocarbon is obtained in 
almost all the eases. 


Table XIl 

High-boiling esters of fusel oil Acids obtained by hydrolysis. 


Fraction Boiling range Neutralisation 

MeanM.W. 

Name of 

Correct 

Correct 

No. 

of acid 

value of acid 

of acid 

acid M.W. of acid b.p. 

62 

ISS'-IOO'C 

546 

103'2 

n-valeric 

102 

186-5”C 

64 

251°-257°C 

360 

160 

pelargonic 

158 

254'C 

66 

230'-240'C 

397 

141 

n-octylic 

144 

236“C 

67 

248°.267'C 

363 

154 

pelargonic 

168 

254'C 

68 

248°-256°C 

366 

153 

pelargonic 

158 

254'C 

ii9 

265'’-27.5*C 

320 

175 

capric 

172 

270*C 

70 

266°-27r)°C 

325 

172 

capric 

172 

270*C 

71 

292°-305'’C 

291 

192 

lauric 

200 

300*C 

72 

296'-307*C 

288 

194 

Jauric 

200 

300'C 

73 

298°-309*C 

281 

199 

lauric 

200 

300'C 

74 

310“-322°C 

252 

222 

myristic 

228 

320*C 


Table XIII 

High-boiling esters of fusel oil. Alcohols obtained by hydrolysis. 


'Vaction 

Boiling range 

Saponification 

Boiling range 

Name of 

Correct 

No. 

of ester 

value of ester 

of alcohol 

alcohol 

b.p. 

62 

200‘-210'C 

319 

133’-140*C 

n-amyl 

137’C 

64 

220*-230"C 

307 

80'-82'C 

ethyl 

79'C 

66 

240”-250°C 

264 

127’-132’C 

isoamyl 

129'C 

67 

250°-260°C 

241 

127°-131*C 

isoamyl 

i29'C 

68 

280'-270*C 

243 

133’-140’C 

n-amyl 

137*G 

69 

270°-280'C 

228 

127'-132*C 

isoamyl 

129*C 

70 

280'-290'C 

226 

188-140‘C 

n^amyl 

187'C 

71 

290*-300*C 

224 

130’-140*C 

u' 

li 
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7 <(hle A / / / ( coo ii}.) . 



F ra(!tiou 

BoiliiifT ran^e 

Saponification 


Name of 

( 'orrt‘ct 

No. 

of est('r 

value of ester 

of nicoliol 

alcohol 

b.p. 

72 

300^31 O' ( ^ 

212 


n-amyl 

137A^ 





n-octyl 

lOS (J 

73 

3l0'’-320'(' 

207 


n-octyl 

]08^’(^ 

74 

32(F-325^’( ^ 

1 09 


n-octyi 


FjXtniti HdlioH of ihr 

Hon-rolatHc oaxy rcsidoc AV>. 7. 

> rids was 

pitch-black 


in (’olour nntl on ooolinj*’ Ix'canH' sonn-solid ol tho (‘onsistoin^y of vasoliin’. I his ^v^^s 
liydrolysod with 50 per cent luj neons eanstie potasli as nsnal and IVoin t!ie alkaline 
li(|Uor, n-ootyl alcohol was rtM‘overed. Tin* niotln*r li(|nor on acid ill eat ion y:avt‘ a 
dark brown seini^solicl a('id inixtnre in wliici) pahuiti<% st(‘aiie and oleic aci<ls wen* 
dc'teeted. 

Kjanihiniion oflhf traj of fasd o//; -The ^reeidsh-jixn'y solid j^ins.) tlnit 
s(‘parated out on allowing tln^ fusel oil to stand for a w<M*k was collected by 
de<auitation and filtration, and crystallisation from boilino; jdcohol, was obtained 
in the form of colourless leaflets (I’l jrins.) with a fatty lustre. Tlie substance nielt(*d 
at 120'“-12rX\ and on hydrolysis with concentrated cansti<* potash yielded myricyl 
alcohol, m.p. HoTj. Thus tin* compound is an (‘ster <d myricyl aU*oliol with some 
unknown lnjj;h molecular weijjld. alii)hatie acid. It burnt with a luminous flame and 
emitted the odour of bnriiinj; candles. On account of the small (juantity available^ 
no further work on this inter(*stinjr substance could be done. It is one f»f the very 
few high-meltiuji; waxes known, and if available in ((uantity, would indeed be a 
valuable substance from the f(‘ehnieal point of view. 

The author takes this opp^ndnuity of expressing his best thanks to Messrs lie^jx 
Sutherland and (V>,, Ltd, ('awnpon*. for kindly s^'iidinj:!: him four trailons ol fusel oil. 


JivfvyvHvv 

1. K (10:58) Prov, Not Acad. SH., 8. 




CHEMICAL EXAMINATION OF THE SEEDS OF MARTTNIA 
DJANDRA COMPOSITION OF THE FIXED OIL 


Hv JaUAT NaUAIN TaVAL and SlKIiriUUTHIIAN DiriT 
(‘iiKMisTuv Dki'Ahtmkxt, Uxivkrkity Ol' Ali.auahaw 
HoceivKl Mfir(‘h 21, 10: 

HUMMAHY 

1. 'rhr‘ Hxed oil from the wood of Martf^nia diandra wjis inolaliHl l»y (*xinu*lum with potroloun) 
otlK'r. 

2 . Jt in n palo yellow Koioi-dryiog oil. 

:i. On further examinulion it wab re.BoIvcd into the following; constituonls : palmitic acid, 8*08; 
Hloaric acitl, U'25: araclndic tn*id, 1 'hi ; oleic acid, 35’81 ; liiioli<* acid. :)2 'V7 ; nnHuponifiahlc matter 
(allyl alcohol t, 2%, respectively. 

Marfi/Nia dimiAra GI. or Biehchu (Hindi) or TifjcFs claw (Enjjlish) is un 
American shnib (N. O, Padalincao) which has mtw become (piito oomruoii in India 
on roadsides and waste places, j^rowing during the rainy season and flowering and 
giving seeds during autumn. It is a coarse shrnb of mcduiiii lieight, wltli large, 
opposite, cordate and glutinous leaves. The flowers are diaudrous, white with 
palches of deep magenta and are handsome like thos <3 of S^mmum iiidmim. The 
fruit is abotit l i inches in length, woody and beaked by two hard and curved spines, 
having the appearance of a large beetle. The fruit is highly medicinal. It is rubbed 
down with water and applied to the part stung by ii scorpion, wasp or hornet. The 
Hindi name of the fruit has apparently been derived from this int<?resting property. 

There appears to be practically no record of any work regarding the chemical 
composition of this drug except that the leaves contain chlorogenic acid Since 

the IVnit still enjoys the reputation of being a very efficacious cute for scorpion bite, 
the present authors were led to put it to a thorough chemical examiimtion. In the 
present investigation, an account of the chemical examination of the oil from the 
seed is given. Tlie most important and interesting thitig about the oil is that it 
yields a fairly high proportion of a liquid utisaponifiable matter, which Iuxh been 
identified to be nllyl alcohol. The following fatty acids have been identified and 
estinnited in the oil : stearic, palmitic, arachidic, oliec and linolic. 

ExpKUriVfKNTAD 

Two kilos of the dry and crushed seeds were exhaustively extracted with 
petroleum ether in the cold, until the last extract yielded no oil and was iMirfectly 
colourless. In this manner, 207 grains of a greenish-yellow oil having a poculw 
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(xlour were obtained (yield = The oil was then r>iirified with animal eliareoal 

and Fuller’s earth and obtained as a i)erfe<}tly transparent and pale yellow licpiid. 
Tl.e oil, on prolonged jstiinding, did not deposit jiny sedinieiit or crystalline 

mutter. 

Kxaininahon of ihv oil * — The oil contains no nitrogen or sul])liur and is 
optically inactive. It burns with a lumimms and slightly sooty iluine. On further 
examination it was found to belong to the class of scaiii-drying oils. Tabh* I (’onta,it»s 
the usual physical and ehemi(*,al properties of the oil. 


Tohlv / 

S[)ecific gravity at lioX’ 0'9178 

liefractive index at l*l()3h 

Solidifying point **-13 (’ 

Acid valu(> d 

Saponilication value 198‘4 

Iodine value 118 

Ifehner value 811 

Acetyl value 31*4 

IJnsaponiHable matter -‘0% 


145 grams of the oil was sapouilied as usual witli alcoholic eaUvSiic potash, aud 
the jioap, formed after the conpjlete removal of alcohol and dryit)g, %vas extracted 
with ether in order to remov(‘ the unsaponifiablc matter. Tlie residue was then 
dissolved in sufficient amount of w^irm water and decomposed with dilute vSulphuric 
acid in presence of petroletirn ether. The petroleum eth<;r solution of the fatty acids 
thus liberated was washed free from traces of sulphuric acid by distilled water, 
dried, and the solvent removed by distillation, when the mixed la tty acids were 
obtained as a viscous, scnd-solid mass. Table 11 gives constants of the mixed 
fatty acids. 


Table 11 


Specific gravity at 2r;C^ (V9412 

Nciitralhsation vahic 108'b5 

Mean molecular weight 282*4 

Iodine value 122*8 


The mixed fatty acids were then separated into saturat(*d (solid) and un- 
saturated (liquid) acids by Twitcheirs® lead saU-alcohoi ?Tjethod and Table III gives 
the percentagee, iodine values aud mean molecular weights of the saturated and 

nnsaturated acids. 
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Tahle III 


Acids 

Percciitajic! in 

Pcrceiitafte 

Iodine 

M(?:in molecular 


inixwl acids 

in the oil 

VIlllIC 

weight 

Saturated 

L'4T)7 

21'})5 

170 

275*6 

Un saturated 

7iV.33 

()6‘83 

132-4 

280‘5 


KxanuhnUoH of thv. HnsatoraM acids : — The iin sat lira ted acids soparated by 
the above tnethod wore further examiucd and their constituents determined (luantita* 
lively by the method of fhimeison and Boughniann,^ V)y preparing: their bromine 
addition prodmrts. The liexabromo derivative of linolenic iioid is insoluble 
iti cold ether. Since no precipitate irisoluble in ether was formed, so the absence of 
linolenic acid was confirmed. The ether soluble portion was dissolved in petroleum 
ether (b. p. 4(r-t)(VC) and cooled in a refrij^erator, when crystals of Unoiic tetrabro- 
mide (m. ]). 113 C^) separated out from the solution, showing: thereby tin* presence of 
linolic acid. The filtrate was ova])orated to dryness and tlu^ bromitu* content 
estimated. Table IV contains the results of analysis of the bromine addition 
products. 


Tahk 1 V 

Weight of the unsaturated acid taken 

Linolic tetrabromide 

Residue (filtrate evaporated to dryness) 

Bromiue content of the residue 

Oleic dibromide in residue 

Linolic tetrabromide in residue 

Total tetrabromide formed 

Linolic acid equivalent of tetrabromide 

Oleic acid equivalent of dibroinide 


5‘r>7<>2 guv. 

2*8246 grn. 

7*3998 gni. 

42*47% gm. 

4*0862 gm. (63*33%) 
2*7136 gm. (36*67%) 
5*5382 gin, 

2*6364 gm, (47*46%) 
2*9398 gin. (52*54%) 


The proportions of linolic and oleic acids were also determined from the 
iodine value of the liquid fatty acids and thf3 proportions, calculated in this way, 
were found to be almost identical with the proportions determined from the bromine 
addition products. 

Examination of tlw miuraied aw/*’.*— The saturated acids obtained by the 
lead salt-alcohol method were freed from traces of liquid fatty acids by pressing on 
a porous plate. The acids thus obtained were perfectly dry, solid, almost white in 
appearance and melted between 52'*-56‘C. 

The mixed acids were converted into their methyl esters by dissolving them 
in pure methyl alcohol and passing a current of dry hydrogen chloride to saturation. 
The esterification was completed by heating the product on a water-bath under 
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reflux for about oij^liteen hours. The metliyl esters thus formed were iieutniiised 
with sodium bicarbonate, washed with distilled water and extracted with ether. 
After drying and removal of the solvent, the mixed methyl esters were s(*i)arated 
into a number of fractions by distillation under reduced pressure at difler('nt boiling 
ranges. The iodine values and saponifieatiou vahu’s of the ditterent fractions wcrc^ 
determined and the mean molemdar weights were ealeulated, 1'able V contains 
the results thus obtaimal. 


Tahlv J 


(Fractional distillation of methyl esters ;it 1 o mm.) 


j^Vaetion Hoiliiig range Quantity ]. V. 

Mean M.W. 

Saj). V. 

IJiisaturatcd 

No. 






.acid % 

1 


rsi pn. na 



2027 

0-8!) 

>’) 


.'.r4it (fin. I'i)”) 


LS2'9 

198*3 

1 27 

a 

170-173X 

3'37 jiiii. 'J’-fi 


L'SohO 

Ui(i*4 

1-77 

4 

ns-ison: 

2' 70 jiiii. 3‘o0 


291*40 

192*5 

2-80 

f) 


2'20 Kin. in iO 


29T0f» 

190*8 

1.510 

(i ubove 1!)5'( 

r82 Klin 


... 


... 



Tiihlc 

17 




Fraction 

No. 

Palmitic acid 

Stc 

iritt acid 

Arachidic acid 



7u Kin- 

o/ 

A 

gm. 

A 

gm. 

1 


7 7 -51 1-40 

22-40 

0*394 


... 

«> 


o.o.ol r!)20 

44-40 

1*5 Ki 

... 


a 


4o'(»8 r522 

04-02 

1788 


... 

4 


23‘13 03i07 

7()-87 

I'iHS 

... 

... 

5 


11'74 0220 

88-2(i 

1*()50 

... 


« 


• » * 

34-00 

0521 

GG’OO 

1*01 



'fnhlr 

VIJ 




Acid 


PcrcciitHKC in 

Pcrci 

:mtage in tin 

Peroontage in the 



saturated acids 

purified oil 

original oil 

Palmitic 


3(r82 


!f08 


8-08 

Stearic 


51-30 


]2()5 


11-25 

Aracliidic 

6-n(i 


1-.51 


1-34 


Onsaturated (sol id) 5 '31! TS I 1Tb 
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Examination of the tmsaponifiahle matter Th<j unsaponifiable matter obtained 
by ether extraction of the soap was repeatedly washed in otheral solution with water, 
After drying*:, the ether was evaporated when a pale yellow liquid was obtained. 
The |)rodnct was again treated with alcoholic caustic potash in order to make sure 
that no unchanged oil was loft behind, and the unsaponitiable matter isolated as 
b< fore. It was thus definitely nseertaiaed that the uasaponifiable matter is a liquid* 
On further examination it was found to be an alcohol boiling at 97*C. The odour 
was penetrating and musturd-like. The liquid was found to be mifidbk with water 
and unsaturated. The substance was identified to be allyl alcohol by specific 
reactions of the substance given by Mulliken,'* 

One of the authors (J. N. T.) wishes to express his indebtedness to the Kanta 
Prasad Trust of the Allahabad University for a lle.search Scholarship, which enabled 
him to participate in this investigation. 
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CONSTITUTION OF SANTALIN 

By Jaoua.i Bkhaiu Lai^ 

Ohkmimthy Dkimrtmknt, IJxivKKmrv or Aij-aiiaiuo 

( 'ommiiiiu'atiHl by Dr S. Dnlt 
Re<‘civ(*(.l Doconilx'r 11. 1<):}S 

srMMAHY 

The constitution of santalia luifl Ik'om discnsflwl in the li^ht of work that lias alrcmly Ik^mi 
done and a new formula for santulin has been pro})ose(l contuiiiin^ a donljle Havylinm strnetnn* 
with a tetmhydroxy iKMJZcne nueleiis in liie moloenlar eonfisuratioii. Tiie new formiita ajrrees 
much better with the known chemical protjcrtica of santalin than any iirojtoscfl before. 

The heart wood of Ptrroafrpns muhdinHH Limn has hni^ boon famous for 
its red colouring matter, which has been the siibjtu'A of investigation by a number of 
chemists ever since 1832 when Pelletier'*^’ for the first time 

attempted its isolation. Cain and Simon.scn* sncc(?edcd in preparing santalin 
ia a fairly pure state as a bright rod microcrystalline powder whitdi softened at 223''(/ 
and melted at 22fi\l These authors on the basis of their elementary analysis and 
molecular weight in phenol assigned to santalin the formula Cj 5 Hi ^ O 5 which could 
be further expressed as Cj \ Ha Oj (CX^TIa) (OHla since it afforded dinectyb, nitro- 
diaoetyb, and dibenzoybsantalin and on reductive acetylation witii acetic anhydride, 
sodium acotale and zinc dust gave a compound H 20 or Ci 1 lUs (). (OCHg) 
(O.COCHa)^ which appeared to contain three acetyl groups. Jiy using methyl 
sulphate and alkali as mothylnting agent these authors obtained suntalin-monomethyl- 
other and santalin-dimethyl -ether, 

Cain^ Sirnonsen and Smith® during the course of their investigation made the 
following important observations that (a) molecular formula for santalin is 
Cr<( Hag 0 | 0 on the ground of molecular weight determination of Hantalin-t(!trii-melhyl* 
ether, Rantalin-diinethyl-ether and tetra-acetyl santalin by Barger’s drof) method ; 
(b) gautalia'-tetra-methyl-ethcr Cm H:;,i Oio as well as santalin-dimethyl-cther 
oxidation with potassium permanganate yield anisic and veratric 
(o) both tetra-mothyl and dimethyl-santalia undergo reductive acetylation in 
which ono ketonic group is reduced and subsequently ucetyiated. 

Since however santalin is a polyhydric phenol, the evidence of its molecular 
Wpigjiit oanuot be accepted without reserve while since two of the derivatives 
by ^ authors cotttain no free liydroxy group, their molecular weight is 
■. ... ■ 93 
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nnlik<:‘ly to be influenced by association or dissociation. These authors inention in 
their paper tlio isolation of anthracene by Grandmongin during xinc dust distillation 
experiments with snntalin and though they tlmmselvcs were unabb^ to con linn this 
beyond doubt tlu^y were of the of>inion that its skeleton formula is that of a diaii- 


/vv\ 



C 

( 


A/V\ 



c 

.J 


thracene derivative and this in spite of the diftienlty encountered in accounting for 
the remaining hydrogen atoms. 

Later on O^Neill and Perkin obtained santalin as a chocolate coloured ]'>owder 
which did not possess a distinct melting-]U)int but softened at 243' (’5 and decomposed 
at 250V — 2flO‘'C, They assigned the formula to sautaliu which attbrdod 

a tetra-acelyl derivative C 24 ((X) Ciljj )4 as deep salmon coloured powder 

decomposing above 225''(l They also made the important observation that saiitalin 
shows evidence of formation of soluble oxonium .salts with mineral acids but tlu' 
significance of this observation was lost sight of by next subsequent workers. 

Recently Dicterle and Stegmann^* obtained santalin as a rod microcrystallinc 
powder which began to soften at 208"C and carbonize above 300"C. As a result of 
their investigation they assigned to santalin th(5 molecular formula C i t H ^ Oj (OCH 3 ) 
( 011)2 RRd the following constitutional formula having an anthraquirione structure 
with a reduced benzene nucleus, but the position of inothoxy group being still 
nin*ertaim Th<^ ]>roducts obtained by Dieterlc and Steginanu daririg many of the 



reactions they studied can be traced to thepresenceofasnmllquantity ofhomo- 
ptorocarpin and pterocarpin the colourless companions of santjilin and which arc 
diliicult to bo removed unless purification of santalin is efteeted through its oxonium 
salt. The reported formation of anthra(iuinoue by oxidation with chromic acid of 
the product obtained during zinc dust distillation, of anthracene during the reduction 
of santalin with red |)bosphorns «ai»d hydriodic acid, of styplinic acid by oxidation 
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with concentrated nitric acid in glacial acetic acid solution us well as the formation 
of honiopterocarpin which has the formula CuHitiOi, by oxidation with 
K*Fe(CN)G its really due to the colourless impurities for homopterocarpin^*’’ 
is known to yield methyl-a*ithracene in.p, U37 C and resorcinol -dim ethyl-ether on zinc 
dust distillation and styph nie acid as one of the products on oxidation with nitric 
acid. It is utterly impossible to comicive how homopterocarinn could ever bo 
obtained from santalin and the only conclusion is that their siimplo of santalin was 
impure (vide Raudnitz.**) On the other hand these impurities remained ii»tact during 
the reactions studied by (\iin, Simonsen and Smith, for honioptorocarpin and 
ptorocarpin are resistant towards permanganate oxidation (vide Dieterle and Leon- 
hardt^®) and consequently their isolation of anisic and veratric acids as the main 
product of oxidation of santal in-dimethyl-ether jind santalin-tetramethyl-ether 
derives special importance and significance. 

In 1934 Kaudnitz, Navratil and Benda® ’ for the first time obtained santalin in 
the form of well-defined crystals and in a pure state free from colourless impurities, 
while the previous investigators only carried out experiments with slightly impure 
samples^”* These authors obtained santalin hydrochloride as splendid 

metallic green irridescent needles with reddish brown streak and the sample dried 
to constant weight at room temperature in high vacuum over {)hoHphorus pentaoxide 
had the composition agreeing with the formula iUsdOioOl which could be fur- 
ther resolved into CaoIIiTOGCUOCHali. Similarly the elementary analysis and 
ZeiaeFs experitueut with santalin, easily obtained by decomposition of its hydro- 
chloride with boiling water led to its being assigned the formula CgoJ^UcOo (OCHs)^. 
These investigators noted that santalin hydrochloride loses hydrogen chloride 
on drying in high vacuum at lOOX- and that in its general behaviour, reaction 
with dilute alkalies, and reaction with ferric chloride resembles anthocyaniu and 
anthocyanidins. This view is also confirmed when we find that santalin hydroch- 
loride solutions are decolorized on catalytic hydrogenation with platinum oxide and 
also by heating with sodium hydrosulphitc solutions. 

The structural formulic for santalin have been proposed by a number of 
investigators but now in view of the fact that santalin resembles anthocyanidins the 
present author has attempted to arrive at a satisfactory formula for the substance. 

The composition of santalin, the fact that santalin and santalin hydrochloride 
can be easily transformed one into the other without isomerization, and the absence 
of formation of dibasic acids from among the degradation products of santalin 
derivatives, at once point out that it is not allied to naturally occurring dihydropyran 
derivatives such as heematein and brazelein but that it is really an aahydrobase of 
^ Pyfylium salt, and is allied to carajurin Ci 7 lli 40 (i which was investigated by 
Perkin*^ and later on by Chapman, Perkin and Robinson.’ The analogy existing 
bstweea a^talin, carajurin from Blpimim chicn and the hydroxy-benzopyranol 
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bases**’ ** is indeed striking. On the assumption that the salts of santalin are 
flavylium derivatives it is of great significance to note that these exhibit no tendency 
to pass into pseudobase. Since the effect of a hydroxy or methoxy group in position 
3 in the pyryliutn nucleus in facilitating pseudobase formation is well established by 
the work of Robinson, it is concluded that santalin is related to flavone rather 
than to the flavanol group and bearing in mind, the formation of anisic and veratric 
acids as the only recogniscable product, obtained by permangiinate oxidation of 
methylated santalin, the following structural formula! (I and II) are proposed for 



santfilin hydrochloride and santalin respectively. Such a constitutional formula 
containing a tetrahydroxy-benasene nucleus A serves to explain the absence of other 
recognisable products during permanganate oxidation. As regards the arrangement 
of the substituents in the benzene nucleus A of formula I, X and Y are tautomeric 
and would yield identical hydrochloride Z. For reasons which applied in the case of 
carajurin either of these forraulsB X and Y will be untenable since the resulting 
hydrochloride Z would not give any ferric chloride reaction due to the absence of 
vicinal hydroxy groups while santalin hydrochloride gives violet coloration with ferric- 
chloride. The choice between M and N cannot be made definitely, but (N) is 
preferable on account of the colour and stability of santalin for whereas M should be 
a violet or blue substance and unstable because anhydrobases® from 5-hydraxy- 
flavylium salts are violet or blue and characterized by their instability while an- 
hydrobases from 7-hydroxyflavylium salts are red. 

The reddish violet coloration which santalin hydrochloride gives with dilute 
alkalies definitely points to the presenee of a free hydroxyl group in ^e 4V 
position.®’ ® It is interesting to note that in its reaction with dilute alkaHea sap^li 
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M N 

hydrochloride very much reBemblescallistephin chloride*^*’ C 2 iTl 2 iOio Cl which 
is now known to be 3*p*-glucosidyl-perlargonidin~chlorid<^ in view of the generaliza- 
^ioj|27,2a arrived at by Robinson that the position f/ is of little value in the alkali 
reaction provided that position 7 is hydroxylatcd. Santalin having the formula II 
would be expected to give on acetylation with acetic anhydride and pyridine a o-penta- 
acetyl*dihydro8antalinol having the formula III or IV and this is also borne by the 



Perkin*^ (ci Camjurin and Carajuretin). As regards the second 
^ h similar to the first half and contains the y-pytan 

r atom present in the ring though capable of forming oxonium 
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salts with concentrated mineral acids just as the natural flavones and flavonols do 
and in common with the a^d y-pyran derivatives but of the type quite 

unlike those afforded by the auhydroflavylium bases. The second oxygen atom 
present in the ring D is incapable of affording stable oxonium salts with 2 per cent 
methyl or ethyl alcoholic hydrochloric acid. 

It is hoped that further experimental investigation on santalin will confirm the 
formula assigned by the presetit author* 

The author wishes to thank Dr. H, Dutt, D. Sc., P. II. S,, and Dr. Satya Prakash 
for their kind interevst and encouragement. 
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SUMMARY 

1. Pure 4-broino iLMethylphenol has ba*n synthesised from metatoluidine. 

2. The action of conceDtrated nitric acid on 4-bromo 3-muthylphcnol has been sludictl, and 
it has been established that during nitration the bromine atom rnigratt'S to ))Osition 2. 

8. The constitution of the dinitro-bromoeresol obtained by the nitration of 4d)roino 3-niethyl- 
phenol, has been established to bo 2-bromo 4 : 6 dinitro dmmthylphcnol. 

It ha8 frequently been observed, that durin<r nitration of a halofjemited plionol, 
migration of the para halogen atom often takes place, even under the mildest 
conditions of nitration.^' An instance of migration of the bromine atom has been 
observed when 4-bromo S methylphenol is nitrated, which is dcscj’ibed below. 

Walther and Demmelmeyer” nitrated a bromocresol, which they had obtained 
by the bromination of nietacreaol in carbontetrachlorido solution at — and to 
which they assigned the constitution 4-bromo H-mcthylphenol (OH = l), and 
obtained a mononitro and a dinitro compound melting at 124 C and llTC respec- 
tively, To these compounds they assigned the constitutions O-nitro 4-broaio 
8-methylphenol and 2; 6 dinitro 4-bromo 3-methylphenol respectively. 

A dinitro bromocresol of the above constitution has been prepared by Gibbs 
and Robertson^ and also by Raiford and Leavol.* Gibbs and Robertson obtained 
it by the nitration of 6-nitro 4-bromo 3-methyJ phenol in acetic acid solution, which 
itself was obtained by the bromination of 6-nitro 3-mcthyIphenol ; but the melting- 
point of the dinitro compound obtained by them is 78‘'C. 

Raiford and Leavel nitrated the same bromo-nitrocresol (m, p, 124*’C), in the 
pteseuce of concentrated sulphuric acid and obtained a dinitro compound having 

the melting-point 78^0. 

It wUl be seen from the above, that the same substance has been assigned 
two different melting-points by different authors and this led us to investigate into 
tlie cbnetitatipps of these two dinitro^bromocresols. 

89 



90 


omsMisttnr : a. sto 

We repeated the work of Walthor and DetnmeJnieyer and found that th^ 
roeltinjr-point of Uieir dinitro-bromo-metacresol on recrystalliBation from toluene^ 
rises to 11 This is also the ineItin^f*point of 2-bromo 3-methyl 4:6 dinitro 
phenol (OH = l), prepared by Sane and Joshi/ The constitution of this dinitro- 
brouio-cresol prepared by these authors has been establiBhed by them beyond doubt 
Further in order to establish the identity of these two dinitro-bromocresols, we 
prepared four derivatives from the dinitro-bromo-metacresol, prepared accordinjjf 
to Walther and DemmeltneyeFs method, and these compounds were found to have 
the melting-points : — toluene-sulphonyi ester, in. p. l4lX', chloro derivative m, p. 

amino derivative m. p. 208*0 and diphenylamine compound m. p. 130 C and 
are therefore identical with those obtained by Joshi* from 2-bromo 3-methyI 4 ; 6 
dinitrophenoL 

There is no doubt that the bromo-metacresol from which Walther and 
Dcmmelmeyer obtained the mononitro and dinitro-bromo-metacresol has the consti- 
tution 4-bromo 3-methylphenol as it was found to be identical with the para 
bromocresol obtained by Darzens and Levy, who have cstablisiied its constitution as 
4-bromo 3-methylphenol. We prepared 4-bromo 3-methyiphenol by Darzens and 
Lovy^s method and found that the mono and dinitro bromo-metacresols obtained 
from it has the same melting-points, vix,^ 124*C and il6*C respectively. Various 
other derivatives, mentioned above were prepared and were found to be identical 
with the corresponding derivatives prepared from Walther and Demmelmeyeris 
dinitro-bromo-metacresol. 

The constitution of this bromo-metacresol was farther confirmed by synthesis^ 
ing it from meta-toluidine. This was acetylated, brominated, and after saponi- 
fication, the NHt group was replaced by OH. The compound so obtained is 
4-bromo 3-methylphenol. This was found to be identical with bromo-metacresol of 
Walther and Demmelmeyer and also yielded a dinitro-bromo compound having the 
melting-point 115‘C. There is therefore no doubt that during nitration of 4-bromo 
3-methylphenol the bromine atom migrates from position 4 to position 2, and the 
constitution of the bromo-metacresol described by Walther and Demmelmeyer is 

2- bromo 3-methyl 4 : 6 dinitrophenol (OH==l)* 

ExPEBIMENTAIj 

4-bromo 3-methylphenol substance was prepared according to the 

metliods of Walther and Zipper, Darzens and Levy** and also from 4-teroiiib 

3- methylaniHne.^^ By following the method of Walther and Zipper no crystals of 

the bromo-cresol could be obtained by simply cooling the final product, hence it WAS 
distilled under reduced pressure, when the distillate was found to soHdtfy in the 
.receiver, m.p. 62*C, ^ 
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Synthesu from 4^hromo 3-meMyIaniUne : — The bromo-metatohudine was 
dissolved in 10 times its weight of MCI, cooled to O’^C and tiieu the calculated 
quantity of sodium nitrite was added in small portions. The solution was allowed 
to stand for half nri hour and then the diazo sohition was decomposed by boiling 
and the bromocresol formed was separated by steam distillation. By all these 
methods the same compound in fine needles, in, p. 62^', was obtained. 

2^bromo 4, 6 dimtro 3- methy f phenol .-—Knch of the above bromo-inetacre.sols 
on nitmtion gave this compound, m. p. WffC. The nitration was carried out by 
dissolving the bromocresol in an equal weiglit of acetic acid and them adding to it, 
drop by drop, an excess of nitric acid (density 1*4), under constant stimng. The 
dinitro comjwund separated out on addition of a little ice water. This was liltered 
and recrystallised from alcohol twice and once more with tohu^nc ; the melting- 
point of the substance so obtained is 1 15*0, 

Toluene eulphonyl ester of f 0 ilitnlro 2-hronio 3-fii(dhylphe)ioJ : — This 
substance was obtained in the usual way by the condensation of 4, 0 dinitro 2-bromo 
S-methylphenol, and paratoluene-sulphonyl chloride in the presence of sodium 
carbonate. Melting-point of the ester so obtained is ItTC. (Found sulphur, 
7*5%, 7*8% ! required sulphur, 7*4%). 

1-chloro 2^bromQ 3~meAhyl 4yb dhdtrohe)ixenc :---kxn\xi\\r(^ of 2-bromo 4, 0 
dinitro 8-methylphenol 8 gin., para-tolucrie-sulphonyl chloride 2 gm., and diethylani- 
Hne 10 c,c., were heated on the water bath for 4 hours. Tiie mixture was then 
cooled, acidified with hydrochloric acid, washed with water, and finally recrystalliscd 
from alcohol, m. p. 8lX\ (Found nitrogen, 9*1% : required nitrogen, 9*4% ; Ci + Br, 
38*8% ; required Cl + Br, 39*01%) 

2~bTOino *4, 6 dinitro 3'-methyl l^phentjlanrinr : — The diphcnylamine compound 
was obtained in the usual way by heating the requisite quantities of the chloro 
compound, aniline, absolute ahjohol and fused anhydrous sodium acetate on a water 
bath for hall an hour and then isolating in the usual way, m. p. 180C. (Found 
nitrogen, 11*9% : required nitrogen, 11*93%) 

Further work in this connection is being earned out in this laboratory and 
will be discussed in detail in a subsequent paper. 

My thanks are specially due to the Lucknow University for the award of a 
fellowship and to Dr. S. M, Sane for help and guidance during the course of the 
WOTk. 
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BUMMARY 

T»onitro»0-malonyl“plani(lijie has been prepared in a perfectly pure and crystalline condition 
for the firat time by a new metliod, and its organic ami inorgani(“ saltn prepared. The acid lias been 
found to be very weak in clmrader and to combine only with comparatively Ktrong organii* and 
inorganic baaea with formation of salts. The acid as well as the salts have very similar, and in fact 
almost identical absorption bands, and this is quite contrary to the behaviour of violuric and 
tliiovioiuric acids with which isonitroso-malonyl-guanidine is structurally very closely relateil. 
From this tlic conclusion is drawn that isoriitroso-nndonyl-gURnidine is diflerently constituted from 
the other two compounds, and netv structures for this comiiouiui in tlu‘ free state and in the form 
of its salts have been proposed from theoretical considerations, partiimlarly in view of a “ Theory of 
colour on the basis of molecular strain ” advanced by Dutt, 

The effect of substitution of an oxygen atom in violuric acid by a nitrogen atom has been coni' 
pared and it has l>een found that the effect is very similar to the substitution by a sulphur alom 

IsonitroHO-maloiiyl-urea or violuric acid which forms interesting magenta 
coloured salts with organic and inorganic bases, and dissolves in \viitei’ to a pale 
pink solution, has been the subject of intensive study by Glmtak and Dutt,* who 
from the absorption spectra of these compounds came to the conclusion, that although 
the structure of violuric acid itself is the comparatively less strained configuration (I), 
yet the process of salt formation produces the highly strained structure (II) 


by the migration of a hydrogen atom (&): 


ySH CQ^ 

C-NOH(® 

^NH — -Cd^ 

^NH C-OH^ 

CO» X-N=0 

\nh — co'^ 

(I) 

(ID 

Violuric acid (Oximino- 

Violuric acid (Nitroso- 

ketonic form) 

enolic form) 


A similar behaviour was observed by Lai and Dutt^ in the case of thiovioluric 
acid in which the oxygen atom in violuric acid marked with an asterisk has been 
i*6|daced by a sulphur atom. The replacement of oxygen by sulphur increases the 
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load in the vicinity of the strained part {C=0) of the molecule, and con8e<iuently 
the salts of thiovioluric acid are found to be much deeper in colour than the 
corresponding^ salts of violuric acid, violet instead of pink» 

Isonitroso-malonyl-guanidine, which is structurally very closely related to 
violuric acid and thiovioluric acid (as can be seen from the following consti- 
tutions of these compounds) and which differs from the other two by 


^NH CO^ 

C«0 C^NOH 

\nh — CO'^ 

(III) 

Violuric acid 


C«S ^NOH 

^NH — CO'^ 

(IV) 

Thiovioluric acid 


^NH — CO^ 
C^NH C=^NOH 

^NH — CO^ 

(V) 

Isonitroso-malonyl 

guanidine 


possessing tht^ =:NH group instead of the divalent oxygen or sulphur atom, 
has been found to yield intensely coloured salts with organic and inorganic 
bases which exhibit violet colour in aqueous solution with an absorption 
maxima in the neighbourhood of 5800A. It is the aim of the present investigation 
to exhaustively study this interesting compound from this point of view, and find 
out how far its behaviour is comparable to that of violuric acid and thiovioluric acid. 
The chief marked difference observed between the present series of compounds 
and the other two is that, whereas in the latter two cases the acids in aqueous 
solution are weakly coloured but yield highly coloured salts, in the former case the 
colour of the acid itself is practically as intense as that of the salts. If from the 
point of view of analogy with violuric and thiovioluric acids, we take the structure 
of isonitroso-malonyl-guanidine to be (V), then salt formation should invariably 
result in conversion of this form into the more strained nitrosoenolic <K>nfiguration 

(VI) shown below, accompanied by the deepening of colour. 

-C-OH 

C-NH C-N*0 
^NH — CX)^ 

(VI) 

Isonitroso-malonyl-guanidine 
(Nitroso-enolic form) 

But since no deepening of colour takes place by salt formation, it is obvious 
that (V) could not be ilie correct representation of isonitiX)SO-malonyI-guimi4in(^ : 
This abnormal behaviour of the compound and its salts can only be explained by the 
assumption that both the acid and its salts possess the same or neariy the sMie 
configuration with the highly strained N«0 present in each of ^eture ^ 
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CAn be considered to be one of the possibilities, and the only other alternative is 
represented below (VII) : 


.NH — 00^ 

NP — ^N«0 

— CO*^ 

(Vri) 

Isonitroso-malonyl-j^uHnidinc 

That free iso»itroeo-malonyl-|ruanidine possesses the structure (VI) is very un- 
likely, since in that case there is no reason why such a strained configuration should 
not tautomerise into a comparatively much less strained variety represented by (V), 
particularly in view of the fact that in the free acuh there is no influencing factor 
like salt formation that would fix the labile hydrogen atom after tautomeri^ation 
into the nitroso-enolic structure (VI). 

Now the most satisfactory structure for isouitroso-malonyl-guanidine is (VII), 
which although somewhat difficult of conception, is nevertheless supported by the 
following considerations : (a) urea is a neutral compound, but guanidine is strongly 
basic, and on comparing the structures of the two substances, it becomes obvious 
that the basic character has been imparted to the guanidine molecule by the =NH 
group present, since in all other respects they are identical as shown below; 


/ 

\ 


NH. 




.NH, 




NH; 


{vriD (IX) 

Urea Guanidine 


(b) Isonitroso-malonyl-guanidinc when compared to isonitroso-malonyl-urea or vio- 
loric acid, is found to be much less acidic than the latter. Obviously the cause of 
the weakly acidic nature of isouitroso-malonyl-guanidine is the presence of the same 
“NH group which to a great extent neutralises the acidic character of the isonitroso 
iiroup. In other words, the acidic character of the isonitroso group is diminished to a 
<5e^ extent by the presence of the basic =NH group in vicinity, a kind of 
intra<*moIecu{ar neutralisation takes place, and the compound is consequently weakly 
acidic. Beconciling this fact with the fact that the acid is just as intensely coloured 
the only plausible configuration that can be assigned to isonitroso- 
is (VII). 
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This configuration (Vn) of isonitroso-malonyl-guanidine, under the influence 
of strong bases like caustic soda, methylaminc, etc., exerts a greater neutralising 
capacity by tautoinerising into a more acidic structure (X) given below ; 

^ ^l»ssgB■a■C " OH 

NH — C“N«0 

^NH CO'^ 

(Xt 

And since this confijjuration is in no way more strained than that of the acid 
itself (VII), no deopcninjf in colour is expected on salt formation, a fact borne out 
by actual experiments. And since both the structures contain the highly strained 
group N = 0, both the acid and the salts are highly coloured. 

Another interesting fact that has been found in course of the present investiga- 
tion is the deepening of colo\ir produced by the substitution of the oxygen atom in 
violuric acid marked with an asterisk in (I) and (II), by a nitrogen atom ( = NH). 
Similar phenomenon was observed in the case of thiovioluric acid by Lai and Dutt* 
and also in the case of diphenylthiovioluric acid by Dharam Dass and Dutt.^ In 
the present case it has been found that the substitution of a divalent oxygen 
atom by a divalent =NH grouj) is nearly as effective in deepening the colour as the 
divalent sulphur atom. 

Isonitroso-malonyl-guanidine does not form salts with weak bases like aniline, 
quinoline or acridine, but salts with the following bases have been obtained: caustic 
potash, caustic soda, ammonia, methylamine, ethylamine, n-propylaraine, n-butylamine, 
dimetio lamine, diethylamine, triinethylamine, and piperidine. The general properties 
of these substances as well as their absorption maxima have been given in tabular 
forms in the experimental portion of the paper. 

Experimental 

The method available in literature (cf. Traube^) for the preparation of 
isonitroso-malonyl-guanidine was tried, and was found to give an extremely poor 
yield of an amorphous clay-coloured substance, which the original author also could 
not obtain in a pure or crystalline condition. The method was thus found 
to be impracticable for the present purpose, and so after a nuiuber of trials, the 
following method was devised and found to be satisfactory, the yield being almost 
quantitative. It consists of two stages : 

(a) Preparation of mahnylrgimnidine : — A pasty, intimate mixture of guanidine 
carbonate (36 gms ) and dietbyl-malonate (48 c.c.) was heated on an oil bath at 
150 '* — 160 0 for about two hours, when it completely solidified to a very voluminous, 
perfectly dry, pale pinkish solid. The product is practically pure malonybf uanidiuey 
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and can be recrystallised from a small quantity of boiling water in thin colourless 
prisms, but for the preparation of the isonitroso derivative^ it is not nccessaiy, 

(/>) Preparation of uoniirmo-malonyUguam^Hne crude malonyl- 

guanidine (12 gms ) was dissolved in dilute caustic soda (100 c.c. of 5% solution) 
and sodium nitrite (9 gms.) added to the solution and also dissolved in it The 
mixture was cooled under the tap and gradually acidified with dilute hydrochloric 
acid, when the isonitroso derivative came down in the form of a purplish-pink 
precipitate. This was filtered off, washed with alcohol and water, and crystallised 
from a large quantity of boiling water in the form of line radiating needles (vide 
inicrophotograph given at the end of the j)aper). 

On account of the insolubility of the substance in nil organic solvents, the 
following procedure was adopted for the f)rcparation of salts : the acid was very finely 
ground up in a mortar with the addition of a little acetone, and a solution of the base 
in the same solvent added in slight excess. The mixture was ke|)t in a closed flask 
with occasional stirring for about two days, after which it was filtered ofl* and the 
excess of the base washed olV with acetone and ether. The product was finally 
crystallised from boiling water and obtained in the form of lorjg thin lu’cdlcs (vide 
microphotograph of the K-salt). 

Salts of isonitroso-malonyl-guanidine with inorganic bases are fairly soluble in 
cold water, but the organic salts are almost insoluble in this solvent, but dissolve in 
boiling water to a moderate extent, from which they crystallise out on cooling in 
beautiful forms. Neither the free acid nor the salts have any melting points, but 
on heating above 250'C, they undergo gradual decomposition with darkening. For 
want of a suitable organic solvent, the absorption maxima of these substances have 
been determined in warm aqueous solutions. 

Table I 


Salts of Isonitroso-Malonyl-Guanidine. 


Salt with 

Colour in 
solid state 

Remarks 

Colour in 
solution 
(aq.) 

Absorption 
inaximn A 

Analysis. %N 
(Theoretical 
in brackets) 

Methylamine 

Mauve 

Curved radiating 

Violet 

5850 

30-8 (37*4) 


needles 




Ethylatniiie 

Ditto 

Prismatic needles 

Ditto 

5830 

3.5-0 (35-0) 

Bimethylamine 

Ditto 

Curved radiating 

Ditto 

5790 

34-6 (35 0) 


needles 




Bietbylamiae 

Ditto 

Ditto 

Ditto 

5810 

30-5 (30-8) 

Trimethylamiu© 

Ditto 

Ditto 

Ditto 

5810 

32-9 (32 5) 

n-Propylamine 

Ditto 

Spindle-shaped 

Ditto 

5810 

3310 (32-5) 


crystals 
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Table I icmtd.). 


Salt with 

Colour in 
solid state 

Eimmrks 

Colour in 
soluti<m 
(aq.) 

Absorption 
maxima A 

Analysis. %N 
(Hieoretical 
in bracdcets) 

n-Butylamiiie 

Mauve 

Prismatic needles 

Violet 

5800 

3ri (30 8) 

Piperidine 

Ditto 

Ditto 

Ditto 

5825 

30 3 (29 0^ 

Sodium 

Deep 

mauve 

Thin rectanjjular 
prisms 

Deep 

scarlet 

5830 

318 (31-4) 

Potassium 

Pinkish 

Ijong needles 

Ditto 

5835 

25 8 (26-4) 


mauve 





Ammoiiiuiu 

Ditto 

Curved radiating 
needles 

Violet 

.5835 

39 2 (40'2) 

Free acid 

Ditto 

Needle clusters 

Ditto 

5860 

‘ 35-4 (3589) 


Table II 

(Figures indicate wavelengths in Angstrom units) 

(.'oraparison of absorption maxima of violuric acid, thiovioluric acid and 
isonitroso-roalonyl-guanidiue and their organic and inorganic salts 


Name of Compound 

Of violuric acid 

Of tliiovioluric 
acid 

Of isonitroeo>malonyl 
guanidine 

Free acid 

5805 

4403 

5860 

Ammonium salt 

5832 

6837 

5836 

Sodium salt 

5832 

5828 

6830 

Potassium salt 

5832 

5847 

5885 

Methylamine salt 

5782 

5829 

6850 

Dimethylamino salt 

5798 

5868 

5790 

Trimethylamino salt 

5712 

6820 

6810 

Ethylamino salt 

5697 

6870 

6830 

Diethylamine salt 

5699 

5931 

5810 

n-Propylamine salt 

5832 


5810 

n-Butylamine salt 

5632 

5850 

6800 

Piperidine salt 

5697 

6023 

5825 
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SUMMARY 

The monoBtomea of the family Pronocej>halida« are recorded for the first time from the marine 
turtlea Ohelont mydan of the Indian sea-couBt. Pronocfiphalus ohliquus I/oobs, 1S99 the only known 
B|)ecje» of the genua appears to be the commone«t Pronoeephaiid met with in maritteturilcB. Variations 
in the susc and position of the genital organa of this species are recorded. Four new species of the 
gen UK Pieurogonim^ f«., P, karachii, P. aindhiit P. cHtlonii^ and P. keamarii have been described. 
The eynonymity of the genera Pleurogoniua Looaa, Glgphieaphalua Loose, Bariaomum LinU^n and 
Mifoaaecna GUliort has been discussed and only the first named genus is retained to include the 
species of these genera, A new species of the genus Oharawieephalua IjOoss is doscribetl and its 
relationship with the genotyjKj ib discussed. A new genus Ranigoniua from the fresh water tortoise 
Kaehuga dhongoka is deecribed and its relationships discussed. 

INTRORUCTION and PbEVIOTO WOJtK ON THE 
FAMILY PhoNOCKPHAUDAE 

So far the marine turtles near the Indian aea-coasts have never been examined 
for the investigation of trematodes or even as a matter of fact for any parasitic infec- 
Uotis. The present paper comprises the results of investigations on the Digenetic 
trematodes of the family Pronooephalidae collected from Chelom mijibis caught at 
afeut half a mile Keamari coast near Karachi during June 1936. 

We care consideraWy to of the family Pronocephalidae 

number of genera and species. This author in his 
99 
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well-known memoir published in 1902 while giving: an exhaustive account of these 
monostomes laid down a scheme of classification. Before Looss stray contributions 
had been made by Rudolphi (1809), Von Beneden (1859), Monticelli (1892), Walter 
(1893), Shipley (1900), and Braun (1901) on Monostornum trigonocephalum. But 
these descriptions as shown by Looss covered two species, one belonging to the genus 
Fronocephahis^ /.r., Pronocephalus ohliquus Looss, 1901 and another to the genus 
Pl€iirogouiih% Pienrogomaa irigonoce/phahis (Rudolphi, 1809) Looss, 1901. 
Kuhl and Hassctt (1822) had described Monostomum album which Looss in 1899 
included in the genus Crieoeephahts. Braun in 1901 gave a description of Monos^ 
tomnm }d%}pom%yiii Diesing 1855, a parasite of Hydroehoerm eapyhara. The genera 
created by Looss under this family are: Promeephalusl^oo^^^ 1899 ; Gharaxiccphuhis 
Looss, 1901: 7 Vr///*o< 70 «///.s Looss, 1901; Criweephnl ns 1899; Glyphicephalus 

Looss, 1901; Epibathra Looss; 1902; and Pyelosomum Looss, 1899. 

Linton (1910) described Oricoeephalns delitescent Looss from loggerhead turtle 
(kiretta caretta of the dry Tortugas, and created two new genera Barisomum and 
Himmomum with the species Barisomum erubescent Linton and Hiniasomnm candi- 
dulum Linton for the Pronocephalid monostomes of the fishes collected by him in the 
same locality. Stephens (1911) described the new genus Desmogonius, Johnston 
(1913) published an account of the specimens of Monostomum pandum Btmn collected 
by him from Chelone imbriiaia and Cheloiie mydas caught ofl* the Queensland coast 
(Australia) under his new genus DiasddstorcMs created for it Pratt (1914) de- 
scribed a new genus Wilderia with the species WiUbma elliptica from the logger- 
head turtle (jChreUa caretta) of the Gulf of Mexico. MacOallum (1916) described one 
new species under the name of Monostomum Pomacanthl from the French angel fish 
and in 1917 a peculiar species Paramphistoma/n aspidonectes from the oviduct of 
Trionyx aspidonectes. He also in 1921 gave au account of Monostomum sphargidis 
MacCallum. Kobayashi (1921) described a new mouostome Cricocephalus 
Imdxtimii from Chelone mydas captured at Singapur. Barker in 1922 described a 
new l^ronoceplmlid Synechorchis megas which he considered to resemble much 
Monostomum pandum Braun and Wilderia elliptica Pratt, 1914. Travassos 
(1922) proposed the genus Hippocrepis for Monostoma hippocrepis Dtesing 1855 
and placed it in the family Notocotylidae, but Poche in 1925 assigned this genus to 
the family Pronoceplialidae. The latter auUior in the same paper (1925) created a 
new genus Astrorehis for Moumtomum renicapUe Leidy on account of its star- 
shaped testes. Poche in describing his supersuper-family Paramphistomida men- 
tions that Paramphistomum aspidofiectes MacCallum does not belong to the 
genus Parampkistomutn. Fukui (1929) proposed for the latter species tdic genus 
Optsthopof*us and the family Opisthoporidae, Price (1931) cotreetJy assigned 
Monostomum (MacCallum, 1916) to the genus Pieurogomus. He also 

redesoribed Paramphistomum aspidonectes and accepted the gentm Opis^ 



KI5W M0N08f0MBi8 Of THE FAillliV PftONOCliPHAUbAE liOOSS 161 

hoporus Fukui for it, but he dropped the family Opisthoporidae, transferring 
the genus to the family Pronocephalidae. He also gave in this paper for the first 
time after Looss a review of the family giving classification and keys for the identi- 
fication of the subfamilies and their genera He recognised three subfamilies Prono- 
CGphalinae Looss 1899, Charaxicephalinae Price 1931 and Opisthoporinae Price 
1931 and pointed out the synonymy of the genera Diasehi star elm Johnston, Sym~ 
clioreht^ Barker and Wilderia Pratt. 

Mehra (1932 a and b ) described a new species Dkischwtorchis gaHtrieus 
and gave the account of u new genus Neopronocephalm with two new species, 
L e., N* triangularis and N, gangeikus. He also gave a revision of the family 
creating two new subfamilies Neopronocephalinae and Hippocrepinae. Ho 
transferred the genus I)uisehistorcltis from the subfamily Pronocephalinae Looss to 
the subfamily Charaxicephalinae Price and amended the diagnosis of the latter 
subfamilies. He ^.Iso discussed tlie synonymity of the genera Diasclmtorchis 
Johnston 1913, Piyitt 1914 and Synechovehis Barker 1922, accepting the 

germs IHmchistorchis on the bivsis of priorty. 

Lubman (1935) recordeil the presence of Pkurogofiws trhjoHOcephalus 
Rudolphi 1809 and described a new species Pytlosonuun longicMCcum from the 
loggerhead turtle {Garetta careita). Fukui and Ogata (1936) described a new 
species of Diasclmtorchis^ Dinschistorehis takafuwhii from Oeadm sinensis, Oguro 
(1936) described a now genus Medioporus with two now species, M, macrophallus 
and M, chelomae from turtles of the Japanese sea, Kretmochelys squamosa and 
Chelonm japonica respectively. In the same paper he also described in addition to the 
three new species Pyelosofumu poste7iorchL% Pleurogonius oxakii and Diaschistorchis 
latemlis the already known species, Gricocephalus albas Looss, 1899, Pronoccphalus 
obliqunH Looss, 1899, Pleurogonius linearis Looss, 1901, (Hyphkephalns 
lobakts Looss, 1901 and Dimchistorckis pandas (Braun, 1901) Johnston, 1913. 
Gilbert (1938) has described three new genera, i.e>, Igiiamcola^ Myosaceus and 
Oetiosarccus from the marine iguana collected during the Allan Hancock Expedition 
to the Galapagos Island. 

Ihonoccphalus obliquus Looss, 1899. 

More than hundred specimens of this species were obtained from the small 
intestiDeB of two marine turtles Clwlmie mydas dissected at Karachi. Mostly the 
worms are mature and show many variations in their size and position of the genital 
organs, on account of which they differ somewhat from the specimens described by 

and Oguro. The body measures 3*5 to 6*5 mm. in length and r025— 1*53 mm. 
^Ogtaximum breadtli which occurs in front of the ovary. Immediately behind the 
oharaoteristic collar there is present on the ventral surface a distinct depression, 
oral sttck^^ is rounded with 0*16—2 ram, diameter. The oesopliagus is long and 
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bifarcates into the intestinal caeca at tho hinder limit of the collar. The intostraal 
caeca run parallel to the body length up to the anterior end of the anterior teatie 



Fig. 1. 

Dovi^al viow of Pronocepfialm 
obliqnus Looss. 


Fig. 2. 

Dorsal view of anterior half of 
Proft'Ocepfialm obliqum showing 
the protrttsible cirrus. 


anterior cornua of excretory bladder; c., cirrus; o.i.a., cut portions of inteHtinal 
caectim ; oa.i collar ; a.a., cirrus sac; 4^!% ductus ejaeulatorius; dorsal ridge of the collar. 

CKcrotory bladder ; exfjretory pore; go., genital opening; ie., iiitestinai caecum; 
left, tetis ; Z.v.d., longitudinal vitelline duct; m., metratorm ; muscular body wall ; 

muscular pimples ; oesophagus ; o.«., oral sucker ; ov., ovary ; ovd.. oviduct ; jp., parenchyma | 
p.c., posterior cornua of excretory bladder ; p.g.e., prostate gland cells ; . pharynx ; p p,, par(i 

prostaticS ; r*t, right testis ; shell gland ; i.e d., transverse vitelline duct ; wT*, uterus ; 
ventral depression ; ui/ , vitelkna ; u.r., ventral ridge of the collar ; t voeicula seiuit^% (' 
V 4 M vesicuk seminalis eocterwa; v.$m.u, vesieulaseminalie interna ;d. 
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where they slightly bend inwards, terminating in level with the “Rippen ” or a little 
behind it. 

The excretory system is in accordance with the description given by Looss. 
The testes, 0'16— -0'414 mm. in diameter, are entire and rounded but in few cases 
lobed or irregular, equal or unequal, oblique or nearly parallel. The vesicula 
seminalis lies in transversely arranged coils behind the cirrus sac. The cirrus sac 
18 muscular, measuring 0 72 “1 44 mm. in length and 0'18~^0'324 mm in maximum 
breadth which occurs in posterior half of its length. Tts long axis lies parallel to 
the body length and its anterior end is bent twice forming a IJ-shaped loop before it 
opens closely inside the left intestinal caecum. It encloses the pars prosLatica 
surrounded by numerous prostate gland cells, long ductus ejacnlatorius and the 
protrusible cirrus of 0 07 2 mm. maximum breadth. The latter when protruded has 
a spirally coiled form as shown in the Fig. 2. The ovary lies a little in front of the 
testes. It is rounded or oval, entire or lobed, measuring 0135— 0'2.‘}4 mm, in 
diameter. The shell gland mass of a rounded or irregular outline lies in level with 
or a little behind the ovary between it and the left, i.c., the anterior testis. The 
uterus lies in transverse coils filling the entire intercaecal space between the ovary 
and cirrus sac, sometimes extondiug outside the intestinal caeca. The muscular 
metraterm of 0'45— 072 mm. length and 0 126 mm. maximum breadth lies almost 
parallel to nearly ono-third terminal part of the cirrus sac. The male and female 
genital openings lie close to one another in the shallow genital atrium. The ova are 
provided with a polar filament at each end measuring 0 017— 0’02 mm. in length 
and 0 01 ram. in maximum breadth exclusive of the filaments The length of the ova 
is little less than that given by Looss and Oguro in their specimens. 

The vitellaria lie laterally in the posterior half of the body outside the in- 
testinal caeca near the body wall. Usually they arc of equal length occupying the 
smpe distance in front of the ovary as behind it, terminating at the posterior end 
pf the hinder testis. In a few spoolmens, however, they are of unequal length, the 
left gland being much larger than the right and extending forward much in front 
of the latter (Fig. 1) . In one specimen the vitelline glands of both the sides are 
^ery short and terminate in front of the anterior testis. The transverse vitelline 
ducts originate at about one-third length of the glands from their hinder end and 
unite dorsally in the shell gland mass to form the yolk reservoir. 

Oenw) Charaxicepftalus Looss, 1301. 

Looss in 1001 briefly described a species under the name of Charaxicephalus 
tpbmtuti obtained from the stomach of Ohelone mydas. He, however, in 1902 gave 
av^tailed description of this species and designated it as the type of the genus 
(^m^adeepkatus. T^ils was the first record of a peculiar member of the family 
-<^rouooeph«}idao Xiooes, 1902 having a large number of testes arranged in two rows. 
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Ijater on two inoro genora with large number of testes^ namely, Desmogofdm 
StepheiiB 1911 and Idasckistorchis Johnston 1913 (Syns, WildeHa Pratt 1914, 
Syna-horchi.^ Barker 1922) were added to the family but so far no other species 
of the genus Charaoriee^ihalui^ except the genotype has been discovered. In the 
following pages, I describe the second species of this little known genus. 

Charaxkvphalus loom n.sp. 

Beven specimens of this species were obtained in 1936 from the first part of 
the stnall intestine of one marine turtle Cheloor viydas obtained from the sea near 
Karachi (Bind). Out of those seven specimens four I have got in toto preparations 
and the rest three in vertical and horizontal longitudinal sections. They are 
thick stout worms of fleshy colour resembling very closely (Jhnramoephalm 
Looss 1901 in colour, size and shape of the body. The cuticle of these 
monostomes is very thick, muscular and devoid of spines. The length in pressed 
specimens measures 7 — 7‘5inrn. and the breadth measures l‘89-“2’02 rnm. in the region 
of the collar, 1 51 — 164 mra. in the region of the cirrus sac and 1*48^1 62 mm. 
in the region of the ovary, The contracted specimen in entire mount measures 
4’32 mm. in length and 1*17 mm in breadth which is more or less uniform through- 
out the entire length The unflattened or contracted specimens possess a groove 
on the ventral surface which gives tlie worm a boat-shaped appearance on fixation. 
The anterior end is narrow and bluntly pointed while the posterior end is broad, 
flat and produced into two small stumpy protuberances one on each side, which 
did not appear at all to be mobile in the living worm. The anterior end has got a 
well developed collar which is characteristic of the genus. As the form aud shape 
of the collar cannot be studied from toto preparations, I have studied it from a series 
of vertical sections (Fig. 4). The collar is a thickened elevation surrounding the body 
on all sides unlike that of Charaxicephalas which is provided with the lateral 

lappets and is not continued on the ventral side. Between the ventral part of the 
collar and the oral sucker there lies a very small rectangular depression or cavity, 
but this is much smaller than that of Clmraxlcephuhis rohitstus Looss. The ventral 
surface of the body just behind the collar is deeper and possibly seems for adhesion 
as mentioned by Looss in the following words Diese vertiefung fungirt ganz 
augeusclieiulich ala ein Haft-organ und ist bei den sammtlichen nocb zu beschrei- 
benden Formen mehr oder minder stark ausgebildet und gegen die Banchflilehe 
abgesetzt.^^ 

The sucker lies at the bluntly pointed anterior end and measures 0*5 mm. 
and 0‘46 mm. in transverse and longitudinal diameters respectively in pressed 
specimens. The oesophagus is narrow tubular structure of 0.88— ^)*77 mm. 
length and 0*11 mm. maximum breadth, It bifurcates into the intestinal caeca 
behind the collar region, at about 1*13—1*23 mm. distance from the anterior endi 
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Fir. 3 

Doranl view of Cfi/traxioephalus 
loom n. sp. 




ex,bl 


0’6 in.ni. 


Fic, 5 

Horizontal lonjjitudinal section of posterior 
portion of Charaxicefhaiu» loonm showinix 
two pairs of cornua of the excretory 
bladder originating from the small 
main stem. 


Lettering as in Figs. 1 and 
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Tho intestinal caeca as soon as they arise run transversely for a short distance and 
then bend backwards, occupying a lateral position throughout the entire length of 
the tnonostome, extending up to the broad terminal processes and terminating at 
the extreme hinder end. The intestinal caeca are provided throughout their length 
with fairly long lateral diverticula notched at the ends. The diyerticula directed 
iriwards are nearly transversely [)Iaced in the body while those directed outwards are 
regularly inclined a little backwards, reaching and touching the body walk The 
outer and mesial diverticula of both the caeca are nearly equal in number and 
show a symmetrical arrangement on the two sides of the body* 

The excretory pore lies median and terminally at the posterior extremity. 
The main stem of the excretory bladder, though very small in length, shows the 
characteristic “Rippen^’ of Ijooss, above which it gives off a pair of large cornua 
one from each side and further forwards a little behirjd the ovary another pair of 
smaller and narrower cornua which run inside the intestinal caeca near the median 
lino and end in the region of the shell gland complex and the ovary. The large 
pair of cornua mainly runs oittside tlie intestinal caeca, piirallel to the body-wall 
extending up to the oral sucker, and giving off branches on both sides mostly 
inwards throughout their course. The inner branches extend inside the intestinal 
caeca, and it is not certain on account of the closely situated coils of tho uterus 
filled with numerous ova whether these transverse branches coming from opposite 
cornua anastomose with one another. The excretory bladder consisting both of 
the short stem and cornua is lined with a single layer of cells. 

The genital opening lies almost median, slightly to the left side at 0*300 mm, 
distance from the left caecum and 2—2*07 mm. distance, Le , about one-fourth body 
length from the anterior end. The testes split up into a number of separate ' 
follicles arranged in two lateral rows inside the intestinal caeca. The follicles are 
constant in number on each side there being always seven on the left and eight 
on the right side. They are of varying sixes and shapes, usually lobed and irregular 
but a few follicles have entire margins, measuring 018— 0306 mm. iu length and 
0102 — 0*324 mm. in breadth. The sixe of the various follicles on the two sides is 
given in the following table : 


Table I 


juate I 

Table giving the sixe of the testes follicles in mm. 

Specinieji I. Follicle 

Size of left 

Size of ri({ht 

Number 

testis follicles 

testis follicles 

1 

0198X0’288 

0-198X0-162 

2 

0‘27 X 0-234 

0-27 XO-284 

3 

0 262 X 0-288 

0-234 X0-252 

4 

0-216X0-27 

0-252X0-27 

5 

0-262 X0-252 

0-234 X 0-288 

6 

0-262 X 0-263 

018X0-306 

7 

0-234 X0-288 

0-216X0-288 

3 


O-2J6X0-324 
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Bpeolmen II Follicle 

Size of left 

Size of right 

Number 

testiB foilicleB 

testis follicles 

1 

0’234X0‘27 

0*234 X 0*210 

O 

0'252X 0*288 

0*216 X 0*27 

3 

0*234 X 0*288 

0*216X0*27 

4 

0*300 X 0*252 

0*306 X 0 252 

5 

0*27 X 0*288 

0*252X0-27 

6 

0*288 X 0-234 

0*288X0 27 

7- 

0*210X0*288 

0 252 X 0*306 

a 

• . . 

0*234X0*288 


Tliose on tho right fiido being larger in number commence more anteriorly than 
those of the left side (right 2 03 — 2 81 min. and left 2‘8 — 3 mm. from anterior end). 
They, however, terminate nearly at the same level, lc., at about 2 -“2*34 mm. in front 
of the posterior end of the body. The thin-walled vesicula seminalis lies as a small 
knot of coiled tube freely in the parenchyma, confined to the small region between 
the cirrus sac and the anterior most testis follicle of the right side. The vesicula 
seminalis interna of 0*1 — 0*12 mm. length and 0*04 mm. maximum breadth has 
relatively thick muscular walls and occupies the basal part of the cirrus sac. 

The cirrus sac is fairly large measuring 0 63—072 mm, in length and 0*216 mm. 
in maximum breadth. It lies nearly parallel to the long axis of the body inside the 
right intestinal caecum 1*76—1*89 mm. behind the anterior end and 0*216—0*324 min. 
in front of the right testis. Its thick muscular walls are composed of oblique and 
longitudinal muscle fibres. The vesicula seminalis interna passes by a narrow 
ponstilction into the broad pars prostfitica of 0*4— 0*47 mm. length. The latter has 
thick muscular walls composed of longitudinal and transversely arranged muscle 
fibres. Its epithelium has more or less disappeared on account of the inward flow of 
prostatic secretion through it. The small terminal part of the cirrus sac whiiih is 
bent and directed backwards contains the ductus ejaculatorius passing into the 
undifferentiated small protrusible cirrus. The prostate gland cells fill almost the 
entire space between the vesicula seminalis interna, pars prostatica, ductus ejacula- 
torius and the walls of the cirrus sac. 

The ova^ oval with a more or less straight 

inner margin measuring 0*32—0*36 mm. in length and 0*25 mm. in maximum breadth. 
Biit ns examined in serial sections of two specimens it appears to be irregular in 
fihape possibly due to contraction of the body. It lies to the right side of the median 
Hue close inside the left intestinal caecum, far behind the hindmost follicle of the 
?lght testis, i,e*, at 0’77— 1*03 mm. distance from it, and 0'65— 0'83 mm. in front 
o| the hinder end of the body. The small shell gland mass of nearly rounded form 
n ^nedian position closely inside the iiosterior end of the ovary and 
it. The receptaculum seminis is absent A small Laureris canal is 
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present. The uterus arises from the anterior end of the shell gland mass and passes 
forwards in numerous strictly inter-caecal and more or less transversely arranged 
convolutions, which occupy most of the space between the ovary and the cirrus 
sac In the region of the vesicula seminalis and the cirrus sac the convolutions 
are restricted only to the left half of the body. At its terminal end the uterus 
passes into the well developed nietratcrm which for the greater part of its length has 
highly muscular walls composed of transverse and longitudinal muscle fibres. Its 
proximal muscular part measures 0 0*22 mm in length and 0*09—0108 mm in 

maximum breadth, while the small distal relatively thinner part which is bent 
backwards measures 0'08 — 01 min. in length and 0 05—0*055 mm. in breadth 
A layer of deeply staining parenchymatous cells surrounds the metratorm and not 
the cirrus sac contrary to that in Chajaxlcephatus rob ft stun Looss The genital atrium 
is shallow so that the male and the female openings are seen to lie side by side close 
to one another. The ova measure 0*025 mm. in length and 0 015 mm. in rnaximnm 
breadth. The polar filaments are not discernable possibly on account of the ova 
being closely packed together in the uterus. 

The vitellaria lie laterally in the form of bands beneath the intestinal caeca 
and are composed of a large number of small follicles of rounded or pear-shaped 
form. They commence from the fourth or between the fourth and the fifth testis 
follicles and terminate at the posterior margin of the ovary. The transverse vitelline 
ducts arise at their hinder ends and unite to form in the median line a very small 
vitelline reservoir which lies ventrally to the shell gland complex. 

Discussion : — This species though it resembles closely in outward appearance 
the so far only known species of the genus, i.e , Gharaxicephalus T >bustus Looss 1901, 
shows certain important differences from it. 

li’he depression or cavity on the ventral side of the collar is very small as 
compared with that in G. robustus and the protuberances on the hinder end of the 
body are not cone-shaped as in the latter species. The oesophagus in the new 
species extends behind the collar region and the intestinal caeca soon after their 
origin run transversely to the long axis of the body unlike that in the type 
species. The small stem of the excretory bladder gives off two pairs of cornua, 
of which the larger pair comparable to the single pair of cornua of C robmiuB 
runs mostly outside the intestinal caeca unlike that in the latter species The testes 
also differ in their shape, lobed and irregular in (1 loossi n. sp. and entire in 
C* robnsfus. They are eight in number on the right side and seven on the* left, 
reverse is the case in the latter species The cirrus sac in the new species is 
much larger and lies nearly parallel to the long axis of the body in contrast to that 
of C. robustus which is nearly transversely placed. Looss does not mention whether 
the small muscular vesicula seminalis interna is present in his species. The 8hai>e 
of the ovary also differs. The shell gland complex lies median extending behind 
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the ovary while in C. rohusfus it lies to the left side of the ovarj’. The uietraterm 
in the new species is larger and much more muscular and is surrounded by a sheath 
of parenchymatous cells. The ova arc also smaller in size. The vitellaria arc 
restricted to the posterior half differing slightly from those of 0 . rohnsfns which 
extends more forwards. In the latter species they commence from the third or 
between the third and fourth testis follicles while in C.loosm they commence 
further behind, f c., from the fourth or between the fourth and fifth testis follicles. 

Genus PlvHrogoitius Looss, 1899 

This is the only genus of the family Pronocephalidae in which more than 
half a dozen species are known. The tyjie species of the genus, 7^. longiHsmlua 
Ixtoss 1901 and one more species tngom(*ephalum Looss 1901 were recorded 
along with Proiwcephalus oljlignus Looss 1901 as early as 1809 by Riidolphi under 
one and the same specific nanui trigonoeephnhn}) which Looss in 1901 

separated under the two different genera Plettrogomus and Proiiocrphnitis, The 
last named author also described in that paper three more species of the genus 
Pleyrogofiina and two species under another genus Olyphieephalus obtiiined from 
inYi\Q Chehme rnydas. Linton (1910) described in the Helminth Fauna of the 
Dry Tortugas two new species one under the new genus linrisomum and another 
under the new genus Ilimmovaim. Price (1931) has already pointed out that 
both these genera created by Linton arc synonymous. Tn my opinion the genera 
Olyphieephalus Looss 1901, PariHomum Linton 1910 and Hitnmomum Linton 1910 
are identical with the genus Plcnrogonius Looss 1901, and should be considered as 
its synonyms. MacCallum (1910) described MonostonvMn pomacanihi from the 
intestine of French angel fish, Pomacantims paru. Price (1931) redescribed this 
species under its correct generic name Pleurogoniiis pomamnthL Oguro (1930) 
recorded the presence of Pleurogonms linearis Looss 1901 and described one 
more species of the genus from Chelonia japonica near Japan, The new genus 
created by Gilbert in 1938, for the form obtained from Arnblyrhy)tchiis 
crisiata is in my opinion identical with the genus Pleurogonius. In this 
paper are described four now species of the genus Pletirogonms and there is also 
given a discussion about the identity of the genera Olyphieephalus^ Barisonmnh 
Myosacens and Pleurogonkus^ 

Pleurogomm Icarachii n. sp. 

These moiiostomes, three in number, were obtained from the middle part of the 
anoall intestine of one marine turtle Chelone mydas obtained near port Keamarli 
Karachi. All the specimens of which one is cut in two pieces I possess in entire 
mounts. The body is narrow, elongated and relatively delicate measuring 4*4 mm. 
in length and 0*72 mm. in maximum breadth which lies in the collar region The 
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breadth of the body behind tiie collar is uniform throughout, measuring (r«2 mm. 
The head region of 0 558 mm. length is triangular in outline with the anterior end 



Fig. () 

Dorsal view of Ptmrogonius karaekii n. sp. 

Lettering as in Fig. 1. 

bluntly pointed and the sucker facing ventraliy. The posterior end of the body 
has a smooth rounded outline. The "Schnlterkragen’^ is represented in this species 
by two elongated flaps or lappets present on the ventro-lateral sides The lappeite 
have a characteristic triangular appearance and stand transversely quite apart 
from one another in the mid-ventral region containing the oesophagus ; tbey are 
not continuous dorsally to form by their uuion a trausverse ridge. The cudi!^e 
is smooth, entirely devoid of spines or pimples. The inusculatare of the body 
behind the collar region is very thin. 
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The oral sucker is rounded, measuring 0*125 mm* in diameter. The pharynx 
as usual in the family is absent The oesophagus is narrow and thin-walled ex- 
tending far behind the collar region and measuring 0’8 mm. in length. The 
Intestinal bifurcation lies in the hinder part of the first quarter of body length, 
at 0*93 mm. distance behind the anterior end. The intestinal caeca soon 
after their origin bend backwards to pursue a straight course parallel to the 
body length up to the anterior limit of the testes where they bend inwards in the 
characteristic bow-shaped manner like x passing internally to the latter. In between 
and behind the testes they lie separated from one another by the median excretory 
bladder. A few small outgrowths are given ofl* from their sides in the small an- 
terior region behind the intestinal bifurcation, behind which the outgrowths become 
so scanty that only one or two protuberances here and there may be seen behind the 
genital opening. 

The only part of the excretory system seen is the ‘'Ripf)eo’* and the terminal 
part of the cornua of the excretory bladder. The excretory pore lies dorsally a 
little in front of the posterior end. It opens into the rosette shaped passage or 
‘*Rippen*^ which* leads into the main stem of the bladder. The latter is very small 
in size and gives off two cornua which run closely parallel to one another in the 
median line. Behind the ovary the cornua bend outwards but their further course 
could not be traced. 

The genital opening lies close inside the left intestinal caecum, 0 45 mm., behind 
the intestinal bifurcation. The testes are small with slightly indented margins, 
measuring 0 252 mm in length and 0*18 mm. in maximum breadth. They are 
situated symmetrically opposite one another a little in front of the hinder end of 
the body outside the intestinal caeca. The small, thin wailed, tubular vesicula 
serainalis lies freely in the parenchyma in the iutercaecal space, close to the right 
intestinal caecum, 1’548 mm., behind the anterior end. It makes a few convolu- 
tions and then passes into the cirrus sac which lies obliqtiely anterior to it, com- 
mencing close inside the right intestinal caecum and terminating at the shallow 
genital atrium situated close to the left caecum. The cirrus sac is very small in 
proportion to the size of the moiiostome, measuring 0 324 mm. in length and 
0065 mm. in maximum breadth. It encloses the spindle-shaped pars prostatica 
trhich occupies more than three-fourths of its length, the undifferentiated ductus 
ejacuIatoriuB and cirrus surrounded by the prostate gland cells which occupy all 
the available space. The cirrus sac, pars prostatica, ductus ejaculatoriua and the 
cirrus are thin-walled without any layer of muscle fibres. 

The ovary is large and rounded with entire margins, measuring 0 162 ram, 
in diameter. It is situated in front of the right testis, close inside the right 
intoeijual caecum at 0 45 ram. distance in front of the posterior end of the body. 

rounded form and 0 09 mm. diameter lies a 
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little to the left side of the median line close inside and at the same level with ihfi 
ovary. The Lanrer^s canal is not seen The receptncnlnm seininis is abaeot 
The uterus arises from the anterior side of the shell gland mass and lies strictly 
confined to the intercaecal region, in transversely or obliquely arranged coils which 
are not packed together. Beyond the first few coils in front of the ovary and 
shell gland mass three or four coils are filled with sperms while the remaining 
uterus is filled with ova The small terminal part of the uterus is slightly 
difi’eren tinted as the metraterrn wliich is surrounded by a sheath of parenchymatous 
cells. The latter opens in the small genital atrium near the male pore 

The ova are small and without polar filaments measuring 0 02 min. in length 
and 0012 mm. in maximum breadth. 

The vitellaria lie outside the intestinal caeca between them and the body 
wall commencing from the posterior two-fifth part of the body length and termi- 
nating at about the middle of the ovary. Each vitellarium is composed of a 
relatively small number of rounded or pear shaped follicles about twenty in number 
which are arranged in a linear series one behind the other. The transverse 
vitelline ducts arise from the hinder ends of the vitellaria and pass transversely 
to the shell gland complex where they unite to form the dorsally situated yolk 
reservoir. 

Dmmsion : — Plenrogomm karachii n. ep. resembles the other species of 
the genus in the shape of the collar, extent of the intestinal cHCca, in the 
excretory system, and topography of the genital organa. But it differs from all 
of them in having a long oesophagus, which extends far behind the collar, 
in the extremely small size of the cirrus sac wliich lies obliquely in the body, and 
in the position of the vesicula seminalis to the right of tJie median line, The 
shell gland mass also diflTers in position. In the new species it lies inside the 
ovary and at the same level with it^ whereas in the other species it lies median 
slightly behind the ovary. Though it does not come near any species of the genus, 
it combines in itself some characters of Pkiirogouius longinmilm and others of 
Plcurogoiiins irigoiwcf^phiiivm. It resembles the former in the equal breadth of 
the body behind the collar, position of vitellaria within the hinder two-fifth part 
of the body length and the shape of the testes and the latter species in the size of 
the body and arrangement of the vitelline follicles which lie behind one anoUier in 
a linear scries. 


Host : Chelone mydas. 

Habitat : Middle part of the small intestine. 

Ix)cality : Arabian Sea near Keamari port, Karachi. 
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Pteiirogonins sindhif n. 8p. 

Six spociaumB of this species were collected iii from the secotid half of 
the Bmall intestine of one and the same turtle Ohelone. mydan from which previously 
described spe^ues was obtained. The worms are small and thick with tlieir cuticle 
devoid of spines* Tlie pressed specimens measure 2‘5“-3*78 mm. in length and 



Dorsal view of Pletirogonius HlndhU !i. si). 

Lettering a.s in Fig. L 

07—0*81 mm, in breadth in the collar region, 0*81 — 0*98 mm. in the region of the cirrus 
sac and 0 72— 1 116 mm. in the region of the ovary. The worms show a great power 
of contraction and extension in living condition and their sides become incurved 
ventrally giving the worms a boat-shaped appearance. The anterior end is narrow 
and somewhat bluntly pointed while the posterior end is broad and rounded having 
the margins incurved ventrnlly. The collar is characteristic, differing much from 
that of all the known species of the genus Its ventrally situated lappets or flaps 
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are united ventrally behind the oral sucker, and rudimentary pharynx. They also 
continue into one another on the dorsal surface forming: there a small tliiokened 
elevation in the form of ridge resembling that in the genera Pf^Mocephalus Loosa, 
Oiyphicephalus Looss and Bmisomam Linton 

The sucker, 0102 mm. in diameter, is rounded and ventrally situated at the 
bluntly pointed anterior end. Behind the sucker there is present a very small, 
rather rudimentary pharynx of 0'045 mm. diameter. This is the first record of the 
presence of the pharynx, oven though rudimentary, in a species of the family 
Pronoccphalidae. The narrow tubular oesophagus measures 0*36 — 0*58 mm. in 
length and 0*05 mm. in greatest breadth near the intestinal bifurcation. It lies 
straight in the median line with its anterior two-third length occupying the collar. 
The intestinal caeca soon after their origin run backwards in a straight course 
parallel to the body lengtli up to the anterior limit of the t<*stc*s where they bend 
inwards in the same manner as described in the previous species, ending in the 
neighbourhood of the Rip pen The caeca arc provided throughout their length 
with regular sac shaped outgrowths. These arc much smnllor and appear as inden- 
tations ill the region between the intestinal bifurcation and the cirrus sac, but behind 
the latter they gradually increase in size. 

The excretory [lore lies 0*09 mm. in front of the hinder end on the dorsal 
surface. The passage from it into the bladder shows the “Rippen^^ of a rounded 
shaiKj as seen in all the mounted specimens in my possession. The unpaired median 
stem of the excretory bladder is not so small fis known in the other species of the 
genus Pleurogonius It runs for some distance after, its origin from the “Rippen^^ 
before it divides into the two cornua at about the middle of the length of the testes. 
The narrow cornua at first run inside the intestinal caeca parallel to their ) (- shaped 
terminal portion and then pass outwards ventrally in between the caeca and the 
vitellaria iiarallel to the longitudinal axis of the body and terminating just behind 
the union of the collar lappets. The cornua do not unite anteriorly with each other 
nnliko all the other species of the genus. They are provided with outgrowths 
towards their inner as well as outer sides. 

The genital opening lies far behind the anterior end at about one- 
third body length from it and at 0*36-0*45 mm. distance behind the intestinal 
bifurcation inside and close to the left caecum. The testes, somewhat large niid 
massive with deeply indented margins, lie as usual in the genus symmetrically 
opposite to one another in the hinder region of the body outside the intestinal 
caeca. Both of them are nearly equal in size measuring 0*23- 0*26 mm in longi- 
tudinal and 0*26—0*4 mm. in transverse diameters. The vesicula semtnalis lies freely 
in the parenchyma behind the cirrus sac slightly to the right side of the mediaiii 
Hne. It is a thin-walled coiled tube composed of only four or five convolutioniaf^ 
apd filled with sperms, measpring 0*062 mm* in greatest breiidth* The cirrus 
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018-0 45 mm, in lengtii and 0'0(>2r> mm. in maximmn breadth across about its 
middie, is extremely small relatively to the size of the body as in PktirogoniHH 
Jmrcuihii n. sp. It has thin muscular walls and lies transversely, with a small distal 
portion of 0085 rnm, length bent anU^riorly. The pars [)rostatica is thin-wnlled and 
tubular occupying nearly the entire proximal part «)i‘ the cirrus sue and nieasuring 
00225 mm. in maximum breadth. The ductus ejaoulntorius is a line tube wliich is 
sliarply separated from the pars prostatica and situated in tiie distal bent portion of 
the cirnis sac. The protrusible cirrus is not seen. 

The ovary is slightly lobed, measuring 0108—0*27 mm in length and 0‘2]G mm. 
in maximum breadth. It lies as usual in front of the right testis inside^ and just in 
front of the bent terminal part of the right intestinal eaeeum. 0'3() — 0’f)12 mm, away 
from the hinder end. The large shell gland mass, also irregular in shape, lies to 
the left side of the median line, closely in contact with the inner margin of the 
ovary and at the same level with it in front of the left testis. The reccptaenlum 
seminis is absent. A small Laurer^s canal is present I'he uterus arises from the 
anterior end of the shell gland mass and passes forwards in transversely and 
obliquely placed coils which are crowded togetiier to form a compact mass (illing 
the entire intereaecal space between the ovary and the vesieula seminalis. In the 
region of the latter only a few uterine coils confined to the left side of the body 
are present A very small dilated terminal part of the uterus of 0145 mm. length 
having slightly thickened muscular walls forms the metraterm. Tlic sheath of 
parenchymatous cells around the metraterm is not seen. The genital atrium is very 
shallow. The male and female openings are clearly seen lying close to one another 
in tlie surface view. The ova are numerous and densely packed in tlie uterus. 
They are devoid of polar filaments and measure 00225 mm. in length and 0*0125 
mm. in maximum breadth. 

The vitellaria lie laterally in the posterior half of the body in the form of hands 
between the intestinal caeca and the body wall, commencing nearly in the middle 
of the body-lejigth and terminating just in front of the testes. Some vitelline 
follicles are biiobed. The transverse vitelline duct of each side leaves the gland 
at the anterior level of the ovary, and runs inwards transversely to f)pen into the 
vitelline reservoir which lies dorsally on the shell gland complex, 

IHammmi: — Pleurogovivs midhii n sp. resembles the other species of the 
genus in the shape of the body, length of the intestinal caeca, position of the excretory 
p<U'e and topography of the genital organs. But it differs from them in having a 
transverse dorsal ridge of the collar, a rudimentary pharynx rocoixled for tlie first 
time in the family and transversely placed cirrus sac. Though it stands quite 
apart on account of these distinctive features it shows resemblance in some 
to Pkurogonum irigono(^halti8 lurachii n. sp. 

Iti^embles the forme the body, size and shape of the testes 
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and ovary, and in the pres<^nce of outgrowths of the intestinal caeca throughout their 
length. It rosoinbles the latter species in size of the cirrus sac, position of the 
vesicula seminalis, shell gland complex, vitellaria and the transverse vitelline ducts 
and the arrangement of the vdtellinc follicles. It also resembles PleurogoHrm oxnkii 
Oguro, in the short length of the median stem of the excretory bladder, 
arrangement of the viterine coils and position of the uterus. 

Host : Chvloiic iitydas. 

Habitat : Second half of the small intestine 

Locality : Karachi. 


IHenrogoiitm chelonii n. Sj). 

Six specimens were obtained from the small intestine of ChrloNr myifas dis- 
sected in June 1936 at Karachi. All these specimen.^ one of whieli is comparatively 
young, I ]) 0 S 8 ess in toto preparations. The young s])ecimen has got all the genital 
organs developed but its uterus contains only a few ova. 

The nionostornes measure, when slightly flattened, 2*5- 3‘9 min. in length 
and 0*63 — 0’97 mm. in maximum breadth which occurs in the middle of the body, 
'/ r., a little in front of vitellaria or in the region of the vesicula seminalis. The 
breadth of the body is not uniform throughout the body length but it measures 
0*63 — 0*85 mm. in the region of the collar, 0*52—0*66 mm behind the collar 
where the body is slightly constricted and 0*6 — 0‘864 mm. in the region of the ovary. 
The anterior end is slightly pointed with ventrally situated oral sucker while the 
posterior end is broad and rounded. The collar consists of two ventrally placed 
lateral lappets connected with one another by a dorsal ridge. The collar lappets as 
in PlefoVfjomns karachii n. sp. have triangular appearance and stand quite apart 
from one another in the niid-ventra! region which contains the sucker and the 
oesophagus. The cuticle is devoid of spines. The musculature of the body wall is 
more strongly developed on the ventral surface just behind the collar where 
muscular pimples are present. This region probably functions as an adhesive organ. 

The oral sucker is rounded measuring 0*12 ruin, in diameter. The pharynx 
is absent. The oesophagus is nari'ow, thin-walled, extending a little behind tlio 
cokar and measuring 0*47 — 0‘68 mm. iu length. The intestinal bifurcation lies 
in the hinder part of the first quarter of the body iengtii. The intestinal caeca 
soon after their origin run obliquely, but behind the cirrus sac they pursue a 
straight course towards the posterior end parallel to the body length as far as the 
anterior limit of the testes where they slightly bend inwards in the usual ) (-shaped 
manner as described in previous species. They are devoid of outgrowths in their 
anterior portion behind the intestinal bifurcation, but behind the metraterm they 
have got large saccular outgrowths on the outer side only. These latter, however, 
disappear at their hinder end in the region of the tesies. 
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The oval excretory opening? which lies dorsally, 0 12G nini. in front of the 
hinder end leads into the characteristic “Rippen^\ The median impaired stem 
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Dorsal view of IHeurogoniHs 
chdonii n. sp. 


Fig. 9 

A portion of PleurogoiuHs chchmii 
showing the position of genital pore, 
cirrus sac and inctmterin. 
Lettering as in Fig. 1 and 2. 


of the excretory bladder of nearly 0T44 mm. length bifurcates just behind the 
shell gland mass. The cornua soon after their origin bend outwards and after 
crossing the intestinal caeca run vontrally towards the anterior end between the 
caeca and vitellaria* They terminate in the collar region near the inner angles 
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of the lappets but without uniting with one another unlike all the other spectes 
of the genus described by Loose and Oguro. 

The genital opening lies outside the left intestinal caecum a little behind the 
intestinal bifurcation, 0*81 — 1 08 mrn. away from the anterior end* The testes 
are situated symmetrically opposite to one another at the hinder end of the body 
outside the intestinal caeca. They are equal in size, slightly lobed or sometimes 
rounded and ovoid with entire margins, measuring 0*216-“0*36 mm. in length 
and 0’27 mm, in maximum breadth. In one specimen, however, they are oval and 
unequal in size, the right testes measuring 0 288 mm. in length and 0*23 ram. in 
maximum breadth, and the left 0*216 mm. in length and 0‘27 mm, in maximum 
breadth* The vesicula seminalis lies somewhat median freely in the parenchyma 
outside the cirrus sac It commences just in front of the anterior limit of the 
vitellaria and is soon thrown into many transversely arranged coils before it 
ent^^rs by a narrow constriction into the cirrus sac. The cirrus sac is relatively 
large and muscular measuring 0 55 — 0 72 mm. in length, it*, nearly one-fifth of 
the body length, and 0 15 mni. in maximum breadth which occurs in the posterior 
half of its length, It lies about two-third body length in front of the hinder end, /.d, 
175 — 2 75 mm. distance in front of it. Its twsterior half lies median nearly 
parallel to the body length and then just in front it curves a little towards the 
left side passing outside the left intestinal caecum to open at the male genital 
opening. The pars prostatica of 0*18 — 0*22 ram. length and 0*072 mm. maximum 
breadth occupies nearly half of the posterior length of the cirnis sac. The long 
tubular ductus ejaculatorious and small terminal protrusible cirrus have muscular 
walls. The prostate gland cells fill nearly the entire space in the cirrus sac 
surrounding the pars prostatica and ductus ejaculatorius. 

The ovary is large and rounded with entire margins, measuring 0*144 — 
0*18 mm. in diameter. It lies 0*45 —0*67 mm. in front of the hinder end of the 
body close inside the right intestinal caecum just before the latter bends inwards 
near its termination in the characteristic bow-shaped manner. The large shell 
gland mass of irregular shape lies median a little behind the ovary. A small 
Laureris canal is present The receptaculum semims is absent. The oviduct arises 
fi;om the inner margin of the ovary and soon enters the shell gland mass to form 
the ootype. The uterus arises from the anterior margin of the shell gland mass 
and runs forward in transversely arranged and closely packed coils, which occupy 
the entire inter-caecal space between the ovary and the cirrus sac, extending 
outside the intestinal caeca at certain places The uterus terminates in a small 
muscular metra term which lies outside the left caecum and measures 0125 mm, 
in length and 0*05 mm, in maximum breadth. The metraterm is suiTOunded by A 
layer of deeply staining parenohymatous cells and opens into the genital atrium 
a little behind the male opening. The ova are small and provided a 
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polar filament at each end, moasuriug 0’25 rum long and 0’125 mm broad exclusive 
of filaments, 

The vitellaria lie outside the intestinal caeca near the body wall commencing 
behind the vesicula seminalis and terminating just in front of the testes. Each 
vitellarium is composed of 14“*"17 large pear-shaped follicles which are arranged 
in a linear series one behind the other. The longitudinal vitelline ducts run close 
to the body wall. They are connected with each follicle by an extremely small 
cotinection. The transverse vitelline ducts arise from the hinder ends of the vitellaria 
and unite dorsal ly to the shell gland connplex to form the vitelline reservoir, 

Disemi^ion : — This species resembles (rlyphicephahis lohalus liooss so closely 
that at the first appeanince it can be mistaken for that species. After a careful 
study, however, certain important differences are revealed. 

The intestinal caeca in O. lolmtm are provided with outgrowths throughout 
their length from the intestinal bifurcation, while in the new species the outgrowths 
of the caeca begin behind the region of metraterm. The chief difference between 
the two species lies in the position of the genital opening. In the new species 
the genital opening lies outside the left caecum a little distance away from it, where- 
as in O. lolmiKs it lies underneath the left caecum. The vesicula seminalis is also 
much convoluted and difiTcrs in size. The ovary is lobed in G, lolmim but entire 
and rounded in 1\ rhdoiiii n. sp. The shell gland mass lies in level with the 
posterior half of the ovary in the former, but distinctly behind it in the latter 
The position of the raetraterm also differs ; it lies outside the left caecum in the 
now species, but underneath it in 0. lohatm. The transverse vitelline ducts lie 
a little behind the ovary in the new s|>ecie8, but they overlap the latter in G. lohatm. 
These diflferences justify the creation of a new species for the specimens described 
nbove^ though at the same time the resemblances clearly indicate the identity of 
the two genera Pleumgonius Looss and Qlyphicephalu^ Looss. 

Host : Chelom mydas. 

Habitat : Small intestine. 

Locality : Karachi. 

Pleurogonms kmmarii n. sp. 

The monostomes described under this species, five in number, were obtained 
from the first half of the small intestine of a marine turtle Chelone mydas at 
Karachi All the specimens, one of which is mutilated, I possess in entire mounts. 
tSie worms are small and devoid of spines. The pressed specimens measure 
mtn, Jn length and 0’96— 1*03 mm. in maximum breadth which occurs in 
the region of the cirrus sac, *.e., a little in front of the vitellaria. The breadth in 
the collar region of a triangular shape measures O’Sl^rOimm,, in. t}>e region 
^mediately behind it 0*9— 0*936 mm. and in the region of the ovary 0*88 mm. The 
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antorior end is b/nntly pointed witJi ventraWy situated oraJ sucker while the 
posterior end broad and rounded. The colJar consists of two ventraJ/y situated 



Fig. 10 

Ventral view of l^ieifrogonrm haniarii n. sp. 

Lettering as in Fig. 1. 

leaf-shaped lateral lappets connected with one another by a dorsal ridge. The 
lappets do not meet with one another in the mid-ventral region, /.c,, in the region 
containing the oesophagus. The musculature of the body wall behind the collar 
is not strongly developed. 

The rounded oral sucker is 0162 ram. in diameter. The pharynx is absent. 
The narrow thin-walled oesophagus extends a little behind the collar and measures 
0 36-“0'66 mm. in length. The intestinal bifurcation lies at about one-sixth body 
length from anterior end. The intestinal caeca soon after their origin bend 
backwards to pursue a straight course towards the posterior end lying parallel to 
the body length upto the anterior limit of the testes, where they slightly bend 
inwards in the usual )(- shaped manner, ending a little in front of the hinder end. 
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Each caecum soon after its orijriu gives off a sm ill narrow diverticulum which 
runs forwards pHrnllcl to the oesoplm^riis Besides these vertical diverticula, the 
eae^a are also provided except in the terminal portions with fairly large saccular 
outgrowths which are more marked and better developed on the outer side. 

The excretory pore lies median at the posterior extremity. The “Ripp(;n^* 
characteristic of the excretory bladder of the genus PleurogoniuH is absent in this 
species. The median stem of the excretory bladd<‘r bifurcates into the cornua 
behind the shell gland mass at about O'ol mm. distance in front of the hinder end. 
The cornua bend inwards soon after (heir origin and after crossing the intestinal 
caeca run forwards ventral ly between the latter and tin* vitellaria, terminating 
in tlm collar region just behind the sucker. The stem and the cormia of the 
excretory bladder are provided throughout their length with many sac.cular 
outgrowths. 

The genital opening lies almost median slightly to the loft side at 11 — r45 mm. 
distance from the anterior end, /.e., at about oiie-fourUi body iengtii from it The 
testes are small and rounded with entire margins, measuring 0'2r)2-“0\'U}() mm. in 
diameter. They are situated symmetrically opposite one unotlmr a little in front 
of the hinder end of the body outside the intestinal cae(‘a. The small thin-walled 
tubular vesicula seminalis lies freely in the parenchyma just behind the cirrus sac 
forming a small knot, which is not clearly seen due to the closely packed uterine 
coils filled with ova. The cirrus sac is relatively large, muscular and tit^arly of 
one-fifth body length long, measuring 0702 — 1*062 min in length and 0*216 miii. in 
maximum breadth near its base. It lies nearly parallel to the body length in the 
hinder part of the anterior half and has a characteristic form being constricted in 
the middle. The constriction divides it into two parts ; the posterior part encloses 
the pars prostatica of 0*288 mm length and 0 108 nun. maximum breadth .surrounded 
by the numerous deojily staining prostate gland colls, wliereas in the anterior part 
lies enclosed the long, narrow ductus ejaculatorius followed by the darge muscular 
protrusible cirrus. The cuticular covering of tlic cirrus when seen protruded is 
distinctly serrated. 

The ovary is small and rounded with entire margins, measuringO 144-0 18 mm. 
in diameter. It lies as usual in front of the right testis, inside and just in front of 
the beat terminal part of the right intestinal caecum, at 0 68—072 mm. from the 
hinder end. The small subspherical shell gland mass lies median a little behind the 
ovary. A small I^aurer's canal is present The recepticulum semitiis as usual is 
absent The oviduct arises from the inner margin of the ovary luid soon enters 
the shell gland mass to form the ootype. The uUirus arises from the anterior end 
of the shell gland mass and runs forwards in the characteristic double row of 
transversely arranged coils in the inter-caecal space a.s far as the constriction of 
the cirrns sac where the two rows of coils become continuous The posterior half 
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of the cirrna sac lies enclosed in between the Jatter rows of coils* The metrafcerm Is 
narrow, slifjhtly muscular and crescentn^haped* It lies closely inside the left 
intestinal caecum. The shallow fi;enital atrium contains the male and female 
openings situated close to one another. The ova are small and have a long polar 
filament at each end, measuring 0 03 mm. in length and O'0 15 mrn in maximum 
breadth exclusive of the filaments. 

The vitellaria He laterally one on each side in the posterior half of the body 
in the form of bands, in between the intestinal caeca and the body wall, commencing 
nearly in the middle of the body length, /. e., at the base of the cirrus sac, and 
terminating a little in front of the testes in the region of the sh(*ll gland mass. 
Each gland is composed of a large number of rounded or pear-shaped follicles 
which lie crowded close to one another The transverse vitelline ducts arise from 
the hinder ends of vitelinria and pass inwards to the shell gland complex where 
they unite to form the dorsnlly situated yolk reservoir, 

Disnhssmi : — Pleurogoaius hmnmru resembles the other species of the genus 
in the shape of the body, extent and form of the intestinal caeca and topography 
of the genital organs. It, however, differs from them in the shape of the cirrus 
sac which is constricted in the ntiddle and consequently divided into two parts. 
The nearly median position of the genital opening and absence of the “Rippeu^’ are 
also features in which the new species differs remarkably from the other species. 
The new species resembles Olyphicephalus Holidus in having the characteristic 
narrow vertical outgrowths of the intestinal caeca one on each side of the 
oesophagus, in the length and form of the vitellaria, Bha|:)e of the ovary, extent and 
form of the uterus and size and shape of the ova ; but it differs in all the other 
features some of which as mentioned above are characteristic of this species only 

Host : Chelone mydaa. 

Habitat : First half of the small intestine. 

Locality : Karachi. 

SYNONYMm^ OF THE GENEBA Pl.ElTBOGOKnT8 LOOSS 1901, Gj.YrHlCEl»HAI.VB 
Loosb 1901, Barisomum Linton 1910 and MvosAixurs Giebert 1938. 

Looss in 1901 and 1902 published descriptions of the various species of his 
geiiera P/enrogoniuft and Glyphieephalm along with the other new species and 
genera of the family Pronocephalidae obtained from the stomach and intestine of 
marine turtles Linton in 1910 created also two new genera of this family, ^ 
Bfiriitomum and Himmomum obtained from marine fishes. Price in 1931 pointed 
out the identity of the genera Barisonmm Linton, 1910 and Himasomum Linton, 
1910, which ore parasitic in marine fishes. He also showed that the former i« 
closely related to Qlyphicephahi^ Loose and Epilmihta Loose, the only 
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differeiYoe being iu the excretory bladder. In Darmmtinn the cornua of the bladder 
are united anteriorly, whereas in OlyphirephUm they remain separate^ In Epi~ 
fca/Ara, however, they are connected by transverse anastonjosis at their anterior 
ends. Price feels doubtful whetlier this difference in the excretory system should 
be considered as sufficient for the separation of these genera which are identical in 
every other respect. According to Linton in BansontJnH enibescens the coriuni of 
the excretory bladder are united by a network of fine vessels in the head region. 
In the second species of the same genus, i.e., Barisomffm canrlnJulum Linton sya. 
HifWsoniiun candithibun Linton 1910, only one of these fine branches maintains 
the connection between the cornna at their anterior end. It, therefore, appears 
obvious tl)at much weight should not be attached to die union of the cornua of the 
excretory bladder at the anterior end in separating these genera. The union of 
the cornua at the anterior end in some of the species of the genus Pleurogomus 
may bo due to the joining of one or two opposite branches. In Pleur agon ins 
km'aehn\\.Bp,mdPl€nrogo)nussin(ihu n. sp. the cornna of the bladder are not 
united at the anterior end, contrary to the observations of Looss and Ogiiro on this 
point in the sp^es of Plenrogonins described by them. 

After a careful study of the accounts of tli<‘se genera by their authors and 
their generic differences according to the keys given by Price (1931) and Mehra 
(1932), I am able to notice only three points of difference between them which are 
discussed separately below. 

(1) Looss separated the genera Pleurogonins from Glyphicephatm and 
Epilmihra on account of the absence of the dorsal ridge like elevation connecting 
the subveniral lobes of the collar in the former and its presence in the latter. 
Price in his key separated these genera on the basis of this difference, while Mehra 
in addition to this also laid emphasis on the presence of a sphincter around the 
terminal part of the stem of the excretory bladder. The figure of vertical section of 
Pleurogonim longinsmltis given by Looss, shows clearly the presence of a thick 
layer of muscle fibres on the dorsal side in the head region indicating the rt^sem- 
bianco of a ridge there though its presence is not mentioned in the description of 
this species. It is possible that Looss on account of the paucity of material at 
his disposal and also on account of the small size of the specimens he was unable to 
notice the dorsal ridge, which is present in Plmrogonim midhii n. sp., a species 
cloifely related to Plmrogonins lovginsmlvs in several characters. In Barisomnm 
Linton also the ridge is not present, while in Barimmum cnndidulmn 
l^hton a characteristic muscular collar with dorsal ridge has been described 
by i^inton. So we see that in one species of the genus Barismmm the dorsal ridge 
ie present while ip the other it is absent. It, therefore, becomes clear that the 
preseiicefnd absence of a dorsal ridge connocting the veiitiaJ lappets should not be 
as A character of sufficient importance for the separation of genera. 
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(2) The second character which Mehra (1932) has used for the separation of 

these jjenora is the presence of tlie sphincter separating the ** Rippon frmU the 
limbs of the excretory bladder in Plmrogonhis and its absence in Glyphioephalas 
and BariHomnni^ The stem of the excretory bladder in the species of Pleurogoniiis^ 
described by Looss is small so that the separation of the cornua from it is marktid 
by a sphincter. But in recently described species of tins genus, Plenrogomm 
oiaA:// Oguro and .nW/m a. sp. the stem of the excretory bladder is 

longer extending nearly up to the posterior region of the shell gland mass and 
consequently it does not possess a sphincter separating it from the cornua. The 
presence or absence of a sphincter in the main stem of the excretory bladder should 
not, therefore, be considered as a character of generic importance when the entire 
bladder composed of the main stem and cornua is very similar. 

(3) Tlie last character used for difTerenciatiug these genera is the position of 
the genital opening. In some species of the genus Plmrogonim particularly those 
described by Looss (1(102) and Oguro (1930) the genital opening lies a little inside 
the left caecum In the species of the genus Olyphicephahis it lies quite close to, 
inside or underneath the left caecum. In Pleurogonius pomacantki MacCalluin, 
(1916), Plettrogottius chelonii n. ap. and in two species of Barisonium described by 
Linton the genital opening lies just outside the left caecum. In Pteurogonim^ 
keamarii n. sp. it lies much inside the left caecum i.e., a little to tlie left side of 
the median line, though in every other respect this species resembles Olyphieephalus 
fiolidus Looss > It, therefore, follows that the position of the genital opening 
varies in diflPerent species of the genus PkurogoniuMy from a little to the left side 
of the median line to that just outside the left caecum. There is hardly any 
distinction between these genera in regard to the position of the genital opening. 
The position varies withifi such limits as would separate the different species of the 
same genus. Tlie geiUis Myosaceiis Gilbert, 1938 in my opinion is untenable. The 
position of the male and female genital openings, which lie separately close to one^ 
another outside the left intestinal caecum, is similar to that of Pleufogofiius chelonii 
n. sp. and the two species of Barisomum* The other distinctive characters of 
Myosneetts the presence of separate male and female openings and a large 
number of polar filaments at each pole of the ovum, should be considered as features 
of specific importance only. 

Ihe above disoussion leads us to the coiicliHion that the geuera Pleurogonius^ 
Glyphiccphulufij Btirfsomiini and Myosaneus arc identical and should be considered 
as synonymous, the first name being accepted on the basis of priority. The genus 
Spti)ntkra Looss as Mehra (1932) has pointed out is not a synonym of the genus 
Pleurogonkis. Not only does the excretory system of the two genera (iiffer (many 
transverse anastomosises connect the cornua in but they are absent in 

Pteurogonim, Glyphieephalus, Barisomum nnd Myomecusl but the positfoii of tht ' 
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in relation to* the caeca also differs remarked! y. In Epibathm the testes 
overlap the terminal ends of the caeca, but it is not the case in the genera 
discussed above. 


Emended diagnosis of the genus PlaavgonhiH 


Body very small to middle-sized, with poorly developed inusciilaturo of body 
wall. Collar with conspicuous vcmtrally situated lateral lappets, dorsal ridge 
uniting lappets present or absent ; cavity on the ventral surface just behind collar 
present. Intestinal caeca with or without outgrowths as far as anterior limit of 
testes, where they bend in a characteristic ) ( -shaped manner, terminating in the 
neighbourhood of excretory pore Excretory bladder usually provided with 
‘Rippen/^ rosette-shaped funnel part; main stem of excretory bladder 
usually short, sometimes a little longer extending as far forwards as shell 
gland mass where it divides into two cornua, which run between intestinal 
caeca and body wall extending up to collar region whei# they may or may 
not unite with one another. Genital pore behind intestinal bifurcation from 
a little to left side of median line and inside left caecum to near left 
body margin outside left caecum. Testes entire irregular or lobed, extracaecal, 
symmetrically opposite at hinder end of body. Vesicula seminalis coiled and exter- 
nal. Cirrus sac large or small, curved or straight, intercaecal, situated parallel, 
obliquely or transversely to body length. Ovary entire or lobed situated closely 
inside right caecum in front of right testis. Laureris canal present. Recepta- 
culum seminis absent. Shell gland mass compact, median, in level with or slightly 
behind ovary. Vitellaria extra-caecal in posterior half of body, ternunating in 
front of testes Transverse vitelline ducts originate at posterior end of vitellaria; 
yolk reservoir on dorsal side of shell gland mass Uterine convolutions trans- 
versely or obliquely arranged, filling almost entire intercaecal space between ovary 
and cirrus sac, sometimes extending outside the caeca Metruterm with or without 
musculature. Eggs small with or without polar filaments. 

Habitat : Intestine of marine fishes and turtles. 

Type species Plmrogoiims longiu^^aulus TjOoss, 1901. 

Renigo/mis otimMis nov. gen , nov. sp. 

Only one specimen of this rare monostorae was found by Dr. IT. R. Mehra 
from the stomach of Kachttga dhongoka-fi common tortoise in the rivers Qtihges' 
and Jumna at Allahabad. The flattened specimen measures 2 ^8 mm. in length^ 
and 0953 mm in maitimum breadth which lies in the posterior half of the body 
at the commencement of the vitellaria. The anterior end, 0K)9 mm. in width, 
bUmtly poioted witli the Bticker facing ventrally ; the brend^tW in the region of 
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collar ineasures 0*558 mm , i(i that of the mtestinal bifiiroatioa 0*684 and in 

that of the ovary and the anterior part of the testes 0‘9 mm. The anterior region 



Dorsal view of Itenigonius orientalis nov. gen., n. sp. 
Lettering as in Fig. 1. 


of the worni» triangular in shape and 0*234 mm. in length, is encircled by the 
characteristic muscular collar. As usual in the family it is distinguished as the 
thickened and muscular anterior part of the body. It is, however, not so pro- 
minently developed in this genus than in other members of the subfamily Prouo- 
cephalinao Looss, and moreover it is entirety devoid of lateral lappets. The hinder, 
euid of the body is broad and somewhat rounded. 

The sucker measures O' 135 mm. in length and 0153 mm in maximum breadth*. 
The pharynx as usual in the family is absent The oosophagiis of 0 432 mm. lengA 
is a long narrow and straight tube which slightly broadens just before It hifuroat^ 
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into tho intoAtinal caeca. The iuteafcinal bifurcation, 0 072 mm in breadth, lies 
at the end of the anterior one-fourth body length, /> , 0'567 mm. from the anterior 
end ot the body and 0' 1 8 mm. behind the collar. The intestinal caeca do not run 
transversely ns they arise from the intestinal bifurcation as in many Pronocophalids, 
but they pa.ss somewhat obliquely downwards pursuing a straight course parallel 
to the sides of the body, till at about three-fourth body length from the anterior 
end they bend inwards closely inside the testes, terminatit)g a little in front of the 
posterior end 0*27 mm in front of it. They are not ) ( -shaped near their hind 
ends in the region of the testes as in the genus Pleurogotans. They are nearly 
twice as broad as the oesophagus and are provided throughout their entire length 
with small lobe-like outgrowths on their outer as well as inner sides. These out- 
growths which are much more numerous on the outer than on the inner side are 
quite broad and saccular and are situated close to one another. 

The excretory system is not seen in the entire mount. The excretory pore 
is situated dorsally near the hinder end behind and between the testes. The 
“Rippen^^ characteristic of the excretory bladder of the Pronocephalids is 
absent here. 

The testes are large, elongated antero-postcriorly and are nearly kidney-shaped 
with their convex outer side produced into lobes. They lie symmetrically 
opposite one another in the hinder one-fonrth part of the body outside the terminal 
part of the intestinal caeca between them and the body wall with their anterior 
ends directed outwards and the posterior ends near the median line. They are 
80 situated tliat they form together the two arms of the letter V, a position 
which is quite characteristic of this genus. As the intestinal caeca stop short of 
the posterior end of the testes, the hinder ends of the latter, 0 18 mm. in length, 
have come to lie near one another converging toward.s the median line. The testes 
are about equal in size, measuring 0*54 mm. in length and 0 25 mm. in greatest 
breadth, The cirrus sac is small, narrow, tubular and slightly carved with thin 
Walla measuring 0 324 mm in length and 0 0475 mm in greatest breadth which lies 
near its middle. Its proximal portion lies dorsally to the left intestinal caecum 
at a distance of 0‘0f) mm from the intestinal bifurcation. The distal two-third 
of its length lies extra-caeca! somewhat parallel to the long axis of the body near 
the left body margin opposite the hinder part of the oesophagus. The cirrus sac 
opens to exterior by its narrow end at the genital opening, which lies close to 
the left body margin in the region of the oesophagus, 0*126 mm. distance 
behind the oollar. The vesicula seminalis, thin-walled and full of sperms lies as 
usual in the family outside the cirrus sac closely behind the intestinal bifurcation* 
It is straight proxhnally overlapping the uterine coils and commencing a little in 
of anterior ends of the vitellarinr but dtstally before entering the cirrus 
sue it becomes much coiled forming a knot shaped mass. 
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The lobed ovary,. 0'J62 mm. m length and 0*2 mm. in maximum tmadth, 
lieptothe right aide cloaely inside and partly overlapping the right intestinal 
caecum in level with tlic anterior end of the testes, and at 0'47 mm. distance 
in front of the hinder end of the body. The large shell gland mass of nearly 
rownded form lies median a little behind the ovary in the narrow space between 
the terminal ends of the intestinaJ caeca, measuring 0 Ti mm. in diameter. 
The oviduct, 0125 mm. in diameter, originates from the inner side of the 
ovary near its posterior end and forms a few narrow coils before it passes 
into the ootypo which is surrounded by the shell gland cells. The receptaculum 
serainis is absent. The Laureris canal is not seen. The uterus arises from the 
shell gland mass on the side opposite to that of the ovdduct and first passes 
backwards forming a few coils, which separate the two testes and then turns 
forwards to form the huge mass of ascending uterine coils, which are transversely 
arranged very close to one another packing nearly the entire space between the 
intestinal caeca. The metrnterm is a narrow slightly curved tube running closely 
outside the cirrus sac. Its proximal portion overlaps dorsally to the left intestinal 
caecum. The ova measure 0‘0225 mm. in length and 0 01 mm. in maximum breadth. 
The polar filaments are not seen. 

The vitellaria lie outside the caeca between them and the body wall com- 
mencing a little behind the proximal end of the vesicuia seminalis at about the 
middle of the body length terminating immediately in front of the anterior end of the 
testes. They are composed of a relatively small number, about twenty-five 
pear-shaped or rounded follicles of 0*025-“0*063 mm. diameter. 

Disn4sswn .—This interesting parasite is assigned to the sub-family Pronor 
cephalinae Looss as defined by Mehra (J 932) with which it presents unmistakeable 
affinities on account of the position of the testes behind the ovary in the hinder part 
of the body and the position of the genital opening which lies to the left side of the 
median line. It seems to be closely related to Pleurogonius Looss, 1901 on account 
of the topography of the genital organs but it diiTers from it in the intestinal caeca 
terminating in front of the posterior end of the testes, in characteristic shape and 
position of the latter, absence of the “ Rippen in the terminal part of the excretory 
bladder, and position of the genital pore, which lies anterior to the intestinal 
bifurcation. The cirrus sac in the genus Plmirogonius lies in the intercaecal space 
while in the new genus remarkable for its small size and thinimss of its walls it 
lies on and outside the left intestinal caecum. The collar in Rmigonius n.g, also 
markedly differs in shape and in the absence of lappets contrary to that in all the 
genera of the subfamily Pronocephaltnae. The above-mentioned differences 
and special features characterising this nfionostome entitle its elevation to the 
rank of a new genus, which is named on account of its kidney-shaped 

testes. 
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Diagnosis of the genus Renig^nius nov. gen. 

Proriocophaiinae of small size. Collar continuous dorsal ly and ventrally 
surrounding the head, conical in shape ; hinder end broad and rounded. Pharynx 
absent; oesophagus long; intestinal bifurcation at about anterior onc-fourth body 
length from anterior end ; intestinal caeca bend inwards to testes, terminating 
a little in front of the hinder end of the latter. Testes massive, kidney-shaped, 
symmetrically situated one on each side outside caeca at po^sterior end of body in 
V-shaped manner. Cirrus sac very small and tubular, partly overlapping and [)artly 
outside left intestinal caecum. Vesicula seminalis external, coiled and intcr-ciiccal. 
Pars prostatica and ductus ejaculatorius small and undifferenciated within cirrus 
sac. Ovary dextral, slightly overlapping right intestinal caecum opposite anterior 
end of testes. Shell gland complex median a little behind ovary. Uterus pre and 
post ovarian filling entire inter-cuecal space with coils transversely arranged. 
Metraterra small, tubular and to left side mainly outside to left intestinal caecum. 
Genital pore to left side near body wall in front of intestinal bifurcation. Vitelhiria 
pretesticular, extracaecal, and composed of a small number of about twenty-live 
follicles each. Excretory opening dorsal and subtenninal ; Rippen of excretory 
bladder absent. Ova oval, 0*0225 mm. in length and O’Ol ram. in maximum breadth. 

Habitat : Stomach of fresh water turtle Kachuga dhongakfu 

Locality : Ganges, Allahabad. 

Type species ; Renigonim orientalis nov. gen., nov. sp, 

I am deeply grateful to my father, Dr. H. R. Mehra, for his invaluable guidance, 
helpful criticisms, and his constant and sympathetic interest in the preparation of this 
work. I am also indebted to him for extending to me the use of his own extensive 
library. I have also great pleasure in expressing my indebtedness to Dr. D. R. 
Bhattacharya for kindly providing me laboratory and library facilities in tlie 
department. 
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SUMMARY 

Thifl paper gives a study of j)criodio jirecipitation of ferric phosphate and ferric ai^somiii. 
sols by tile process of coagulation >vith electrolytes. The speed of coagulaiioii, the nature of 
coagulum and the adsorption of sol have bmi investigated to elucidate this phenomenon. 

In part II of this series^ it has been shown that for the formation of periodic 
precipitates in the absence of a foreign gel, there are three factors which guide the 
process, (1) the speed of coagulation of sol by electrolytes, (2) the nature of 
coagulum yielded which settle periodically and (3) the adsorption of sol by its 
own precipitate. It has also been shown that the adsorption of So) by its own 
precipitate is fairly general in colloids whether they produce rings or not In view 
of these, it has been desirable to investigate how far the three factors are responsible 
in the formation of rings in feme phosphate and feiTie arsenate sols and the results 
arc recorded below. 


Ukrric Phosphatk 8(>i. 

The sol was prepared by adding dihydrogen sodium phosphate to ferric 
chloride solution. The sol was subjected to cold dialysis and aliquot parts were 
taken out for investigations. After 24 hours of cold dialysis the sol contained 
0*308 gin, atom of Fe per litre and its purity was 0*505. It was diluted to 0*001 (i 
gm. atom and 0*0308 gm, atom of Fe per litre respectively. 10 c.c. of these sols 
were mixed with 10 c.c. of electrolytes of different concentrations and kept for 24 
hours to note the condition of the coagula. From the total volume of 20 c.c., 
9 e,c. of the suspension were taken out after thorough shaking and subjected to 
centrifuge for 5 minutes. The compact volumes of the coagula obtained after centri- 
f^ng were noted. 
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Table I 

Sol containing 0'0616 gna. atom of Fe per litre. 

9 c. c. of the suspension contain 0'0002772 gm. atom of Fe. 


Amount of 
N/10 K,80* 
5*0 c.c. 

4‘0 c.c. 

3-5 C.C. 


Volume of 
coagulum 
rO C.C. 

rO c.e. 

Partial coagulation 


Amount of precipitate 
getting peptised 
Nothing 
Nothing 


With this concentration of the sol, no rings were obtained by coagulating with 
KjS 04 . The coagula were all in gel state and no settling occurred. The sol could 
not be coagulated with KCl. 


Table II 


Sol containing 0‘0308 gm. atom of Fe per litre 
9 c. c. of the suspension contain 0‘0001386 gm. atom of Fe. 


Amount of 
N/10 KaSOi 
3’0 c.c. 

2'5 c.c. 

2’0 c.c. 

IT) c.o. 


Volume of 
coagulum 
0‘4 c.c. 

0'5 C.C. 

0‘7 C.C. 

Partial coairiilation 


Amount of precipitate 
getting peptised 
0*000028 gm. atom 
0*0000.50 gm. atom 
0*000086 gm. atom 


With this concentration of the sol, quite prominent rings (Plate I) developed 
with 3*0 c,c. and 2*5 c.c. of KjSOi. With 2 c.o. of the electrolyte no rings developed 
ns the coagulum was in gel state and no settling occurred after 24 hours. 

Speed of Coagttlation 


To find out the speed of coagulation of the sol, 10 c.c. of the sol containing 
0*07378 gm. atom of Fe per litre, were mixed with the electrolyte, the total volume 
being 20 c.c. Such similar mixtures were taken in separate test-tubes and 8 o.c 
from each were centrifuged for 5 minutes after definite intervals. The amounts 
of the solid matter left in sol state were estimated in each case. 


Table III 

5*5 c.c. of N/10 K|SOt made up to 10 c.c. coagulated 10 c.o. of the sol in 
1 hour (precipitating concentration). 

Time Amount left in sol state 

out of 0*000295 gm. atom of Fe 
No coagulation 
0*000264 gm. atom 
0*000144 gm. atom 
0*000120 gm. atom 


After 2 minutes 
After 1 5 minutes 
After 30 minutes 
After 60 minutes 
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The orijdnal »ol was further purified by cold dialysis for 2 days. It 
0*288 gm, atom of Pe per litre aud its purity was 114. It was diluted 
gm. atom of Fe per litre. 

Table TV 


contained 
to 0‘0238 


Sol of concentration of 0*0238 gm. atom of Fe per litre. 
9 C.O. of the suspension contain 0 000107 gm. atom of Fo 


Amount of 
N/40 
5’0 c.c, 
4*5 c.c. 


Volume of 
coagulom 
0*4 c.c. 
0*5 c.c. 


4*0 C.C. Partial coagulation 


Amount of precipitate 
getting peptised 
0*000023 gm. atom 
0*000027 gm. atom 


With this concentration and purity of sol, only broken rings developed with 
KjSOi. The speed of coagulation with this bivalent electrolyte at its precipitating 
concentration increased as will be seem from the following table. 


Speed of Coagulation 
Table V 


4*0 c.c. of N/40 KsSOi made up to 10 c.c. coagulated 10 c.c. of the sol almost 
instantaneously (precipitating concentration)* 


Time 

After 2 minute.s 
After 15 minutes 
After 30 minutes 
After 60 minutes 


Amount left in sol state 
out of 0*000295 gm. atom of Fc 
0*000130 gm. atom 
0*000056 gm. atom 
0*000040 gm. atom 
0*000040 gm. atom 


The original sol was further purified by cold dialysis for 2 days. It contained 
0196 gm. atom of Fe per litre and its purity was l‘i)2. It was diluted to 0 0196 
gm, atom aud 0*0098 gm. atom of Fe per litre respectively. 

Table VI 


Sol containing 0*0196 gm. atom of Fe per litre. 

9 c.o. of the suspension contain 0 000088 gm. atom of Fe. 


Amount of 
electrolyte 

4*36NKC1 
3*0 e.c. 
2*0 C.O. 
1*0 C.O, 


Volume of 
coagulum 


1*0 c.c. 

10 C.C. 

Partial coagulation 


NMOKjSO* 

2*5— 4^0 O.C. 0*6 C.C* 


Amount of precipitate 
getting peptised 

Nothing 

Nothing 


Nothing 
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With this concentration of the sol, no well-defined rings developed with KCl, 
us the coagula were all in gel state and no settling occurred after 24 hours. 
coagulated the sol almost instantaneously and no rings developed with this 
electrolyte. 

Table VII 


Sol containing 0‘()098 gm. atom of Fe per litre. 

9 c.c. of the suspension contain 0 000044 gm. atom of Fe. 


Amount of 
4-3(3N KCr 
5*0 — 4*0 c.c, 
3 0—1*0 c.c. 
0*5 c.c. 


Volume of 
coagulnm 
0*5 c.c 
0‘6 c.c. 

Partial coagulation 


Amount of precipitiite 
getting peptised 
Nothing 
Nothing 


With this concentration of the sol, quite prominent rings developed with 4 c.c. 
and 5 c.c. of K(^l. Though lower concentrations of it coagulated the sol com- 
pletely, yet the coagula were iti gel state and no settling occurred after 24 hours. 
No rings developed with Kj 80 2 as coagulant. 

Speed op CoAouLATrON 


Table VIII 


7 0 C.C. of 4*36 N. KCl. made upto 10 c.c. coagulated 10 c.c. of the sol in 
1 hour (precipitating concentration). 


Time. 


After 2 minutes 
After 15 minutes 
After 30 minutes 
After 45 minutes 
After 60 minutes 


Amount left in sol state 
out of 0*000295 gm. atom of Fe 

No. coagulation. 
0*000284 gm. atom. 
0*000179 gm. atom, 
0*000105 gm. atom. 
0*000058 gm, atom. 


Ad 80 RI*tion of Soi. 

Freshly precipitated ferric phosphate was freed from the adsorbing electrolyte 
and was suspended in distilled water. Definite volumes of the suspension were 
taken in several 100 c.c. flasks with 5 c.c. of the sol of known strength. Different 
amounts of electrolyte were added to these flasks and the total volumes were made 
upto 100 c.c. The flasks were vigorously shaken and allowed to settle for 24 hours. 
The supernatant clear liquids containing iron in sol condition were gently pippeted 
out and estimated. From the amount of iron introduced the percentage adsorption 
of the sol by the precipitate was determined in. each case. 
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Table IX 

Sol of purity 0 988. 


Amount of the prccipitiitc taken each time 0*80 gm. of Fc. 

Amount 

of the sol taken each time 0*067 

gm. of Kc. 

Amount of 

Amount of Fe left 

% Adsorption 

N/20K8 SOi 

in sol state 


0 c.c. 

0*063 gm. 

(50 

1 c.c. 

0*063 gm. 

GO 

3 C.C. 

0 060 gm. 

10*4.5 

h c.c. 

0*056 gm. 

lG-42 

7 c.c. 

0*027 gm. 

.59*70 

9 c.c. 

0*000 gm. 

10000 

In absence of the 

precipitate, the same amount of the sol required ' 

the electrolyte for partial 

and 9*0 c.c. for complete coagulation. 


Table X 



Sol of purity 0*988. 


Amount of the precipitate taken each time 0’80 gm. of Fe. 

Amount of the sol taken each time 0*067 

gm. of Fe. 

Amount of 

Amount of Fe left 

% Adsorption 

2N KCl 

in sol state 


0 c.c. 

0*063 gm. 

G'OO. 

1 C.C. 

0*060 gm. 

10'45. 

3 C.C. 

0*044 gm. 

34*33. 

0 C.C. 

0*033 gm. 

50*74. 

7 C.C. 

0*024 gm. 

G4*18. 

9 c.c. 

0*013 gm. 

80*()0. 

11 c.c. 

0*002 gm. 

97 01. 

13 c.c. 

0*000 gm. 

100*00. 


of 


In absence of the precipitate, the same amount of the sol required 18 0 c c. of 
the electrolyte for partial and 22‘4 c.c. for complete coagulation. 


Ferric Arsenate Soi- 

The sol was prepared by adding dihydrogen sodium arsenate to ferric 
chloride solution with constant shaking. The sol was subjected to cold dialysis 
for 48 hours. It contained 0’244 gm. atom of Fe per litre and its purity was O'Ol. 
A portion of it was diluted to 0'488 gin. atom of Fe per litre. 
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Table XJ 

Sol contaiuiiig 0*0976 gm« atom of Fo per litre. 

9 C.C. of the suspension contain 0*0004392 gm. atom of Fe. 


Amount of 

N/10 K, SO* 

6'5 C.C. 

6*0 C.C. 

5'5 C.C. 


Volume of 
coagulum 

0*5 C.C. 

0*5 C.C. 

Partial coagulation 


Amount of precipitate 
getting peptised 

0*000276 gm. atom. 
0*00036 gm. atom. 


With this concentration of the sol, quite prominent rings developed with 
Kjf BO4. The sol could not be coagulated with KCl. 


Si*EED OF Coagulation 


Tabic XII 


3 0 c.c. of N/10 K« 8O4 made up to 10 c.c. coagulated 10 c.c. of the sol in 30 
minutes (precipitating concentration). 

Time Amount left in sol state 

out of 0*000295 gm. atom of Fe 


After 2 minutes 
After 15 minutes 
After 30 minutes 
After 60 minutes 


No coagulation. 
0*000280 gm. atom. 
0*000136 gm. atom. 
0*000136 gm. atom. 


Apsorption of Sol 

There was sufficient adsorption of the sol by its own precipitate in presence of 
KCl but in the presence of K1SO4 there was hardly any adsorption. 

The original sol was further purified by cold dialysis for 3 days. It contained 
0*184 gm. atom of Fe per litre and its purity was 1*63. It was diluted to 0*0736 gm. 
atom of Fe per litre. No rings developed in this sol with Ks SO4 as coagulant 
because the speed of coagulation of the sol with the bivalent electrolyte was rapid. 
On further purification, the sol produced stiff gels on coagulation. 

From the above results it may be seen that ferric phosphate and ferric arsenate 
sols produce rings on coagulation with bivalent coagulating ions from 1C« SOi« 
When these sols are very impure, K18O4 produce slow coagulation {ef. Tables 
III and XU). This is due to the presence of large amounts of the stabilising 
trolytes in impure stages. The nature of the coaguiation-^velocity curves are also 
S^shaped. First the coagulation proceeds very slowly and then incmses quickly 
iind finally falls off again. This auto-catalytic nature of ike eurvmis ptobabi^^ 
due to the adsorption of sol by its own precipitate. With 
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coagulura^ the acborptiou increases enormously. This is further supported by 
the peptisation of precipitate when the coagulum which settles periodically is sub- 
jected to centrifuge. The sol which is loosely adsorbed by the coagulum gets out 
when the latter is pressed under the force of centrifuge. With gradual purification 
of the sols the coagulation with KjSOi is almost instantaneous and no rings 
develop there. The data on the speed of coagulation also show curves of asymptotic 
type (c/l Table V), Moreover at slow coagulation with Ka 804 , the coagulum 
settles periodically when the optimum volume of coagulum is 0*5 c.c. On further 
dialysis the sols are coagulated by KCl ; the ferric phosphate sol produce rings 
with this electrolyte at the optimum volume of coagulum of 0*5 c.c. But in case of 
ferric arsenate sol of moderate purity it behaves like lyophilic one and the coagulum 
obtained by coagulating with KCl is gel-like in nature which does not settle even 
on long standing ; and if’ very dilute sol is taken, the amount of coagulum falls 
short to give rise to periodicities. 

From the data on the adsorption of sol, it may be concluded that there is 
adsorption of sol by its own precipitate at any purity and purer the sol the greater 
the adsorption. Table VI also shows that in moderately pure sols there is no pepti- 
sation of precipitate on centrifuging or the adsorption is more firm in those cases 
where generally no rings develop. 

Thus when the speed of coagulation of sols by either mono-or bi-valent 
coagulating ions is more or less S-shaped and the optimum of volume of 
coagulum under the conditions already stated is 0 5 c.c. the sols give rise to 
periodic precipitates. 


Reference 


1. Mittra, B. K. (1939) ^o^rw. Ind Chem. Soo., 10. 105. 



FORMATION OF PERIODIC PRECIPITATE IN THE ABSENCE OF 
A FOREIGN GEL, PART IV-FERRIC BORATE SOL 

Bv' R. N. MriTRA 

CiiKMisTHY Department, Dnjversity of Aij.ahaiiaj> 
tJonimuriicatwl by Prof. K. P. Chat ter ji 
Rweived March 21, 19.19 
SUMMARY 

This pHjK^r gives a study of i>eri(xlic pretipitatiou of ferric borate sol by the process of eoagula- 
tiou with electrolytes. The 8i>ee(l of coagulation, the nature of coaguluni and the adsorption of sol 
by its own precipitate have been investigatoil to elucidate the phenomenon. 

Fkruk? Bouate Sol 

The sol was prepared by adding a saturated solution of borax to ferric 
chloride solution with constant shaking. The resulting sol was subjected to cold 
dialysis for G days. It contained 0’ 198 gtn. atom of Fe per litre and its purity was 
1*24. It was diluted to 0*0594 grn. atom, 0*0390 gm. atom and 0*0198 gm. atom of 
Fe per litre respectively. 

7al?le I 

Sol containing 0*0594 gm. atom of Fe per litre. 

9 C.C. of the suspension contain 0*0002674 gm. atom of Fe 

Amount of Volume of Amount of precipitate 

N/40 KjSOi coagulum getting peptised 

5-6 c.c. 0*8 c.c. Nothing 

4-5 c.c. No settling Practically whole 

occurred on 
centrifuging 

With this concentration of the sol, no rings developed with KjS 04 ns the 
coagula were in gel state and did not settle after 24 hours. The coagulum obtained 
by the electrolyte at its precipitating concentration passed again in sol condition 
on vigorous shaking and no settling occurred on centrifuging. Nearly whole of the 
precipitate got peptised. 


X38 
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Table II 


Sol containing 0 0396 gm. atom of Fo per litre, 

9 c.c* of the snsipension contain 0 000178 gm. atom of Fe. 


Amount of 
N/40 K,SO 

3*5-4T> C.C. 
3*0 C.C. 


Volume of 
coagulum 

0*5 C.C. 

Did not 
settle 


Amoutit of precipitatii 
getting peptised 

Nothing 

l^racticady whole 


With this concentration of the sol, quite prominent rings developed with 
potassium sulphiit<^ (Plate I). On shaking the tubes thoroughly rings appeared 
again when left undisturbed, but not of the same prominence as before. 


Table III 


So! containing 0 0 198 grn. atom of Fe per litre. 

9 C.C. of the suspension contain 0'000089 gm* atom of Fe. 


Amount of 
N/40 KgSOi 

2-3 c.c* 
r5 c.c. 


Volume of Amount of precipitate 

coagulum getting peptised 


0*3 c.c. Nothing 

Did not l*ractically whole 

settle 


With this concentration of the sol, the coagiila settled in compact forms 
without developing any rings. 


Speed of Coagudation 

It had not been possible to follow the speed of coagulation of the sol with 
K 38 O 4 near its precipitfiting concentration, though slow coagulation occurred, 
because all the eongula passed again in sol stiito on vigorous shaking and hardly 
any settling of the coagula took place. Higher concentration of the electrolyte 
produced almost instantaneous coagulation. 

The original so! was further purified by cold dialysis for 5 days. It contained 
0173 gm, atom of Fe per litre and its purity was 278. It was diluted to 0*0516 
gm. atom and 0*0344 gm. atom of Fe per litre reapectively. 
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Tahh 1 V 

Sol containinjc 0 0516 gm, atom of Fe per litre. 


0 c.c. of thesuspension contain 0*000232 

gm. atom of Fe. 

Amount of 

Volume of 

Amount of precipitate 

electrolyte 

coagulum 

getting peptised 

(N/2 KCl) 

7 c.c. 

0*6 c.c. 

0*000045 gm. atotu 

6 c.c. 

0*7 c.c. 

0*000054 gm. atom 

5 c.c. 

0*7 c.c. 

0*000068 gm. atom 

4 c.c. 

Did not 
settle 

Pract ica 1 1 y wh o 1 e 

(NMOKjiSOJ 

3*5 — 5 c.c. 

0-8 C.C. 

Nothing 


With tlu« concentration of tlie koI, there was distinct tendency for the forma- 
tion of rings by coagulation with but due to the gel state of tin* medium the 
rings could not develop well. No rings developed with K^SO^ as it produced 
almost instantaneous coagulation of the sol. The tendency of the coaguluni to 
return to the sol state, with KaSOi as coagulant, disappeared with this purity of 
the sol. 


Table V 


So) contaijjing 0*0314 gra. atom of Fo per litre. 

II c.c. of the suspension contain 0*0001548 grn. atom of Fc. 


Amount of 

Volume of 

Amount of preclpit 

electrolyte 

coagulum 

getting peptised 

( ^72 KOI ) 

6 c.c. 

0*5 C.C. 

0*000045 gm. atom 

5 c,(t. 

0*5 c.c. 

0 000054 gm. atom 

4 c.c. 

0 5 c e. 

0*000081 gm. atom 

3 c.c. 

Did not 
settle 

Practically whole 

(N/40K,S04) 

2 -“4 c.c. 

0*6 c.c. 

Nothing 


With this concentration of the sol, quite prominent rings developed with KCb 
There was ttiudency of the coagulum to return to sol state with KCl as 
coagulant and the peptised coagulum again settled periodically. KiSO^ produced 
instantaueous coagulation of the sol with no developed rings. 
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Speed ok Coagui.ation 

KaSO .1 produced almost instantaneous coaf>uIation of the sol and hence the 
speed of coaj^uhition was too quick to be followed. KCi, however, produced slow 
coajjulation but, due to the reversible tendency of the coaj^ulurn with this electrolyte 
at its precipitatinjj concentration, hardly any settlinfr of the coa^fukuu took place on 
centrifupng. 

The original sol was further purified by cold dialysis for 7 days It contained 
0*180 gm. atom of Fe per litre and its purity was 5 (i‘J. It was diluted to 0*018 gru. 
atom of Ko per litre. 

Table VI 


Sol containing 0*018 gm. atom of Fe per litre. 

9 car. of the suspension contain 0*000081 gm. atom of Fe 


Amount of 
electrolyte 
(J\74 KCI) 


Volume of 
coagulum 


Amount of vu’ccipitate 
getting peptised 


f) c.c. OT) c.c. 

4 c.c. Did not settle 


0*000030 gni. atom 
Practically whole 


(N/ 4 OK 2 SO 4 ) 0 T)c.c. 

1 — 2 c.c. 


Nothing 


With this concentration of the sol, the coagiila were all in transparent gel 
state by coagulating with KOI with one or two rings at the top. K 2 SO 4 iiroduced 
instantaneous coagulation of tlie sol. 

ApsouraoN OK Soj. 


Table VJl 


Sol of Purity 1*05 


Amount of the precipitate taken each time^-O'GSl gm. of Ve 
Amount of the sol taken each time—0'021 gm. of Kc 


Amount of 
N/40 K*804 

0 C.C, 

3 c.c. 

5 C.C. 

7 C.C. 

0 cc. 


Amount of Fe left 
in sol state 

0*0418 gm. 
0*028 gm. 
0*016 gm, 
0‘008 gm. 
0*000 gm. 


% Adsori)tion 

-100 
- 36 
22*3 
90*0 
100*0 
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In absence of the precipitate, the same amoant of tiie sol required 3'2 c.c. of 
the electrolyte for partial and 6'0 c.c. for complete coa(;ulation. 

Table VIII 

Sol of Purity 3‘0 

Amount of the precipitate taken each time — 0*684 gm. of Pe 
Amount of the sol taken each time— 0*073 gm. of Fe 

Amount of Fe left % Adsorption 

in sol state 

0 c.c. 0*103 gm. -41*87 

1 c.c. 0*000 gm. 100*00 

In absence of the precipitate, the same amount of the sol required 7 0 c.c. of 
the electrolyte for partial and 11*0 c.c. for complete coagulation. 

Table IX 

Sol of Purity 3*0 

Amount of the precivntate taken each time— 0*684 gm. of Fe 
Amount of tlie sol taken each time— 0*078 gm. of Fe 


of N/40 KjSO* 

Amount of Fe left in sol state 

% Adsorption 

0c.c. 

0*144: gm. 

-57*02 

1 c.c. 

0*112 gm. 

-54*27 

3 c.c. 

0*094 gm. 

-29*47 

5 c.c. 

0*061 gm. 

16*00 

7 C.C. 

0*016 gm. 

79*84 

ft c.c. 

0 000 gm. 

10000 


In absence of the precipitate, the same amount of the sol required 8*0 c.c. of 
the electrolyte for partial and 8*6 c.c for complete coagulation. 

Table X 


Sol of Purity 5*42 

Amount of the precipitate taken each time -0*842 gm. of Pe 
Amount of the sol taken each time— 0*0363 gm. of Fe 

Amount of N/4 !KC1 Amount of Pe left in sol state % Adsoiption 

Oc^c. 0*045 gm. —24*00 

1 0*000 gm. 100*00 



Platk 1 

K. N. Mi'jtka — lu rriv liontfe sol 



Pf^iodic precipitate of ferric barate sol 
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In absence of the precipitate, the same amount of the sol required 8*5 c.c, of 
tbe electrolyte for partial and 13*0 c.c. for complete coagulation. 

The above results show that ferric borate sol produces rings on coagulation 
with bivalent coagulating ions from KjS 04 in impure stages. The speed of coagu- 
lation with this electrolyte is also slow at its precipitating concentration ; but the 
reversibility of coagulum to sol state on shaking, as in centrifuging, hinders to study 
this speed at the precipitating concentration of the electrolyte and to find the 
optimum volume of the coagulum which settles periodically. From the tables on 
coagulation it is seen that the optimum volume has a tendency to have the value 
of 0*5 C.C. (c/1 Tables II, V and VI), where rings appear. The same phenomenon is 
also observed when the sol is coagulated with KCl. Higher concentrations of the 
electrolytes coagulate the sol fairly rapidly and the reversibility of coagulum to sol 
state also disappears. 

The peptised coagulum, which has already settled periodically with 
KCI orKjSOi as coagulants, again settles periodically when left undisturbed 
{cf. Tables II and V), This is in accordance with the theory of adsorption of sol 
by its own precipitate. The bigger aggregates of coagulum adsorb the sol or the 
freshly formed primary particles obtained from the sol on coagulation. But from 
the data on the adsorption of sol by the precipitate of the same substance, it is seen 
that there is no adsorption of sol by a fresh prccipitjito of the same substance in 
presence of KsSO*, while in presence of KCl there is sufficient adsorption, whether 
rings appear or not. 

It may be concluded, therefore, that the speed of coagulation of sol and 
nature of coagulum are the guiding factors in the process of the formation 
of periodic precipitate in sols, the third factor, the adsoriition of sol being 
a general phenomenon in colloids. 
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BUMMAIiV 


In a prcvioiiH paper we have stiulitHl the chaiip:t^s in the viHcosily of nfrar hoIh with 
and have show^n Unit it is more due to a certain orientation of colloid particles than their hydration. 
In the present com inutiicat ion we shall fri VC our results on the effect of sowin^^ with gel ami the 
concentration of agar sols on Uieir viscosities. 

To r04 pc*r cent agar sol a tiny piece of agar gel of the same concentration 
was added and the sol was kept in a thermostat for <j to 8 minutes and the unmelted 
gel piece was then removed. The viscosity of this sown sol with already formed 
gel was determined. The experimental results with ordinary agar sol and the sol 
sown with gel piece of the same concentration are given below : — 


Temperature 

biVC 

m) 


Viscosity 
ordinary sol 

0*0.1326 

0*01758 


Viscosity 
on sowing 

0*02180 

0*03745 


The experimental results show that sowing a sol of agar with an already 
formed gel remarkably increased the viscosity of the agar sol, the change being 
more pronounced at 40*’C than at 50‘’C. 

In the following table, the results on the viscosity of agar sols of various 
concentration for different temperatures are reproduced : — 


Concentration Viscosity at 


% af;ar 

65' C 

60*C 

55*C 

50“C 

45*C 

40'C 

0-27 

- 

0-00598 

0-00657 

0-00724 

0-00800 

0-00890 

0-47 

- 

0-00732 

0-00788 

0-00871 

000965 

001098 

1-04 

0-00959 

0-01042 

001162 

001326 

0-01542 

001758 

r7S 

0-0l5()2 

001746 

0 02000 

0-02296 

0-02789 

- 

2'99 

0‘03342 

0-03756 

004312 

004885. 

- 

- 
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ThoBe results when plotted (viscosity-coiicentratiou) show that the fi^jtires 
are curvilinear us has bee^n found to be general with lyophilic sols like gelatin, 
soap, night blue, etc. At higher concentration, the increase in the viscosity is 
veJ 7 steep. When, however, temperature increases, the curve becomes less steep 
and has a tendency to approach a straight line. Similar results wore obtained 
by Biltz and Steiner on the viscosity of the sols of night bine of various concentra- 
tions for different temperatures. 

There are various formuhe for expressing the viscosity concentration curves 
suggested by several investigators. Hess obtained the formula y\s where 

is tile viscosity of the sol, \\.i the viscosity of water or di.siiersing medium, f/> the 
total volume of dry solid per nrnt volumes of the sol, aud V/’ is a factor greater 
than unity so that u c/j represents tlie tictual vohime of the colloid particles due. to 
their high hydration per unit v'olume of the sol. On calculating the values of * 0 / 
which gives the idea regarding the hydration, we find tliat tliey are different for 
the various coruientrations of agar sols. Th(‘ value of increases with the 
increasing concentration of agar. Kor example, with V73>r agar sol the value of 
V falls to about half of what it is with 0*27% agar sol. Similar variation of the 
value of was found by Hess with a sol of red blood corpuscles. It may be 
assumed that this variation in tln^ value of V/* is due to increased hydration for 
smaller concentrations of suspensions, V// decreased as the concentration of the 
dispersed phase is increased. The solvation or hydration of a colloid particle is 
undoubtedly guided by the phenomena of adsorption. It is, therefore, obvioms 
that for agar sols of eoucentrutions, say, 0*27% and T73%, the mass of water 
present is very high in comparison to the amount of solid agar present We are, 
therefore, of opinion that there should not be much difference in the hydration of 
agar colloid particles when the concentration changes from 0’27% to 1*73%. 

We have also investigated the applicability of the formula developed by 

Hatschek for the viscosity of lyophilic colloids, !«., ^ ^ ^ y » where r\i^ 

and </> is the ratio of the total volume of the system to the total volume of the disiiersed 
phase. Hatschek cnlcuhites the solvation or hydration of the su.spended particles 
from the volume of </>. If </>' is the total volume divided by the dispersed weight, 
the H or the volume occupied by unit weight of dispersed phase after hydration 

is given by the ratio ^ . Calculating the solvation of dispersed agar, we find 

the value of is not constant but steadily increases with the increasing 
concentration of the soL This result is contrary to what we obtained as solvation 
for agar colloid particles from the formula of Hess 

Hatschek concludes that the value of H should remain constant and he has 
shown this within smiUl range of concentrations of protein sols of sodium 
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caseinate, ouo-flrlobuliu and pseudo-globulin. Our results for H obtained from 
the viscosity of agar sols, however, definitely show that the solvation is not 
constant and the variance is very remarkable Similar results are obtained by 
D’ Errico and BotuzrA for glycogen sols, Chick and Martin for casein sols and 
Boguo for gelatin sols. 

The value of TT calculated from the formula of Hatschek for agar sol is 
very high. For example, at 50*C the value of ‘IT is about 16 for 1*73% agar sol 
and hence it is apparent a colloidal particle adsorbs a volume of water about 16 
times the volume of the solid colloidal agar. This leads, therefore, to the conclusion 
that a colloid particle Is wrapped with a layer of water molecules several hundred 
molecules deep. From our ordinary conceptions of the phenomena of adsorption 
this value seems to be very high. Arrhenius also very adversely criticised the formula 
of Hatschek on the ground that the hydration comes out to be improbably high. 

Arrhenius suggests his empirical formula for solutions in the case of sols as log 
T] — 0c where 0 is a constant and represents the concentration* Chick and 
collaborators find this formula to be applicable in the case of some protein sols. Wo 
find tliat the curves obtained by plotting logarithms of the viscosity of agar sols as 
ordinates and the concentrations as abscissae are not straight lines. Further, 

tnOn 

calculating the hydration factor 'k\ from the formula log where 

V is the weight of dry substance dispersed per 100 c c. of the sol, comes out to 
be negative. 

It appears, therefore, that the various formula relating concentration with 
the viscosity are not applicable in the case of agar sols and the enormous increase 
in the viscosity produced by small concentrations by weight of dispersed material 
of lyophiJic colloids is found to bo difficult to explain by a single formula. AH 
theoretical treatments regarding the viscosity of lyophilic sols are based on the 
assumption that the dispersed phase is highly hydrated, so that the colloid particles 
occupy a very large apace in comparison to the volume calculate from the weight 
and the concentration and density. We have, however, shown that the solvation 
of colloid particles, as calculated from the above assumption, leads to very high 
and irregular hydration values, and hence the formula of Hess and Hatschek 
seems to be not correct in expressing the viscosity and concentration relation of 
lyophilic colloids. Moreover, it must be pointed out here that one is not yet 
certain whether the viscosity of several lyophilic colloids as measured by various 
kinds of apparatus is true or not as in most cases of highly viscous sols it is 
remarkably dependent on the rate of sheer and the method of measurement. 
This is not known in the case of liquids. In recent years, a large amoant of 
work has been done with lyophilic sols and it has been observed that in hkost 
cjisos, the PouseuilFs law, m-, rate of flow is proportional to sboeriiig forcOi 
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is not followed. It is found that as the rate of sheer is increased, the viscosity of 
the sol rapidly decreases. 

McBiiin considers the high viscosity of lyophilic colloids as due to the par- 
ticles of the dispersed phase arranging themselves in long threads or loose ramifying 
n^Rregates. Similarly t)stwald considers the appearance of ' structures ' in some 
sols which arc of lyophilic nature. 

We have already reported in a previous paper that the viscosity of agar sols 
at different temperatures can be explained from the view that the colloidal particles 
of agar are in orientated conditiori and that the’ sols possess a distinct rigidity. We 
are of opinion that the remarkable increase in the viscosity of tlie disp(*rsing 
niediiun with the iticreasing concentration of the sol is duo to the increase in the 
rigidity as well as the relaxation time ‘T’ with the increasing concentration of 
the sol. Unless more experimental data are available on the rigidity ami tlu; 
relaxation time of agar sols of various concentrations an attempt to obtain a formula 
connecting viscosity and concentration seems not to be possible. 

It must be emplmsizcul, hero, that a high solvation of agar colloid [)articlcs can- 
not explain the rapid increase in the viscosity of the agar sols witli incr(*asing 
concentration as the degree of hydration is practically constant for an agar sol 
of either 0*27 7o or 3% concentration. 

C(xv(uaT.sioN 

The effects of sowing with an already formed gel and of (roncentratiori on the 
viscosity of agar sols have been studied here. 

The experimental results show that sowing a sol of agar with an already 
formed gel remarkably increases the viscosity of agar sols, the change beitig more 
pronounced at lower temperatures than at liighes ones. In this respect, its be- 
haviour is similar to the sols of gelatin, soap etc 

The effVfCt of sowing has been explained from the point of view of a ‘definite 
orientatiorU in the colloidal particle. 

The results with concentrations show that the viscosity-cOnccntratiou relation 
is curvilinear like those of other lyophilic sols but with increase of temperature, 
the curve has a tendency to approach a straight line. 

Various formuhe expressing the viscosity-concentration relation ( those given 
out by Hess, Hatschek and Ahrrenius separately ) have been discussed and have 
been shown to be not applicable to agar sols. 

Views put forward by McBain and Ostwald on the high viscosity of lyophilic 
colloids have been disctissed. 

It is eraphasissed that a high solvation of agar colloidal particles cannot 
explain the rapid increase in the viscosity of the agar sols with the increase of 
concentration This can be explained ns due to the increase in the rigidity as well 
as the relaxation time ‘ T ^ with the increasing concentration of the sol, 

F.7 
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summary 

The change in the viscosity of iDrar sols at- different tenii>erature8 has l)een studiwi. Our 
cxperi mental results show that apir sols do not show marked ehan<:e in their viseosititH and hence 
the yiroccHB of ion for this sol is very slow with apntig'. Fnmi the hiy;h temy>craturo 

coefficient of th(‘ viscosities of aRar sols, it has In^en concludc<l that hiRh visctositics of a^ar sols 
are din^, mainly to n certain oriisntation of the colloidal micelle impart i or a riRidity to the sols. 
'J’he viscosity values have bwn ealcu fated from Ma<lRe's etyuation and it has beeti found that there 
is a close aRteemcnt. 

In Ji previous publication we have studied the gelation of soaps in alcoholic 
sohitions, and have shown that the phenomenon closely resembles the separation 
of a solid from a supersaturated solution. Similar conclusions have been drawn 
from our study ^ of the sol-gel transformation of gelatin and agar sols. Prom a 
study of the changes in viscosity of gelatin sols near the gelation temperature 
it has been concluded that gelatin solutions at higher temperatiires contain extremely 
fine paiticles of molecular dimension which gradually polymerise to bigger aggre- 
gates on cooling the sols, and in gelations, as observed in the reversible sol-gel trans- 
formations, an aggregation of simple molecules is an inevitable consequence. In 
tliis paper we have studied the change in the viscosity of agar sols at difiPerent 
temperatures, 

Kahlbauni^s pure agar was dissolved in water and reprecipitated with alcohol. 
The precipitate was dried over water bath and the sols of desired concentrations 
were prepared by dissolving the weighed solid in water kept in a bath maintained at 
75'C“-80''C. The sol thus prepared contained some flakes which were removed 
by filtration and the exact concentration of the sol was determined by evaporating 
a known volume of sol over a water bath in a platinum crncible. Sols of agar as 
prepared by us gave concordant and reliable viscosity readings at the temperatures 
investigated in this paper. 

Agar sols of various concentrations were first kept at a temperature of 80*0 
and then a measured volume of the sol was introduced in Ostwald^S viscom^r 
placed in a thermostat maintained at 60*0. Viscosity tueasurements wet^ made at 
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different times in the course of one hour. Next, the temperature of the thermostat 
was lowered by r>‘’C and the measurements were taken at lower temperatures. The 
temperature of the thermostat was further lowered by steps of 5*^0 till small blocks 
of agar gel appeared and the determination of viscosity of the agar sols at 
different times became impossible- The results are recorded below. 

Table 1 


Viscosity of ()’27^ agar sol Viscosity of 0'47% agar sol. 


Temperature. 

After 15 mins. After 60 mins. 

After 15 mins. After 60 mins. 

60'C 

0'00598 

0-00598 

000732 


0-00732 

r)5'c 

0'006,57 

0-006.57 

0-00788 


0*00788 

50'C 

0’00724 

000724 

0-00871 


0*00871 

45X1 

000799 

0-00799 

0-00965 


0*00965 

40X 

0'00885 

0-00885 

001140 


0*01140 



Talde. II 





Viscosity of ro4% Viscosity of 173% 

Viscosity of 2’91)% 


aijar sol agar sol 

agar sol 

Temperature. 

After l.^ 

After 60 After 15 

After (iO 

After 15 

After 60 


mins. 

mins. mins. 

inias. 

mins, 

min.s. 

65X 

0-00959 

0-00960 0-01573 

001573 


, , 

(iO’C 

0-0 1042 

0-01045 0-01749 

001749 

. . • 


SSX 

0-01152 

0-01157 0-0-2006 

002006 

... 

... 

60’C 

0-01326 

001332 0-02296 

0 02305 

0-04885 

004908 

45X 

0-01542 

0-015.50 0-02789 

002814 

Sets 

Sets 

40°C 

0‘01758 

0-01769 Sets 

Sets 

>» 

>» 


It will be seen from our experitnoatal results that unlike gelatin sols, agar 
sols do not show a marked change in the viscosity with time during the period 
of one hour even at temperatures near their setting points. When, however, 
concentrated sols (Table II) are used, the viscosity increases with time and this 
is marked at low temperatures. We have already remarked in a previous publi- 
cation that the increase in the viscosity as observed with a sol of gelatin with time 
due to an increase of aggregation or orientation of colloid particles with age. 
As there is no remarkable change in the viscosity of agar sols within an houris 
time, we are of opinion that the |>roce.sB of aggregation or orientation of colloid 
particles with the ageing of tlie sol is very slow. Similar conclusion has been 
arrived at from our study on the hysterisis of sol gel transformation of agar sols. 
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TeMI^KHATURE COEFFIOIEKT OF THE ViSOUSITIEB OP AgAR SoI^S 

Ju the following table the tempeniture coefficieats per 5 C of viscosities of 
agar sol for various ranges of temperature are calculated : 

Table III 


Temperature coefficients 


()'27% sol 

6U"C1 — 55"C 

55'C — SO'C 

50"C — 45'’0 

4.5'C — 40' 


0 00059 

0-00067 

000075 

0 -00086 

0-47% sol 

0-000.50 

0*00083 

0 00124 

0-00170 

1-04% sol 

000110 

0 00174 

000216 

000216 

T73% sol 

000254 

0-00296 

000493 



The above table shows that the temperature coefficient of viscosities of agar 
sols is very lugh for concentrated sols and it rapidly increases with the lowering of 
the temperature. 

The idea of an orientation and association of molecules in the case of pure 
liquids affecting their viscosity has been developed by several workers. Maxwell 
showed that the viscosity t|= Et, where E is the modulus of elasticity and t is the 
relaxation time (/r., the time in which the stress has decreased to l/o th of its 
value ) . Hence it is apparent that there is a rigidity in the liquids and the orienta- 
tion theory of viscosity of liquids is not contradictory to the original ideas of 
Maxwell. In mobile fluids t is a very small fraction of a second, and E is not 
easily determined by experiments 

The rigidity in the case of lyophilic colloids has been found to exist in 
measureable amounts by sevoml investigators VV^earo of opinion that this distinct 
rigidity observed in highly viscous lyophilic sols is due to a certain orientation of 
the colloidal micelle originating from the forces which are inherent on the solid 
surface to form bigger aggregates. High hydration of colloid particles, however, 
checks the actual aggregation. The force which causes this orientation of colloid 
particles of the sol is also of a smaller magnitude and hence the rigidity is not 
high and the sol for a particular shearing force behaves as a liquid. In the case of 
reversible sol-gel substances like agar, gelatin, soap, etc , we have already pointed 
out that the tendency of aggregation rapidly increases with lowering of temperature 
and the rigidity, and hence the viscosity increases remarkably at lower 
temperatures 

Madge shows that the rigidity modulus with temperature T for a liquid varies 

as given by E = AeP'*' where p and A are constants. Similarly, Madge concludes 
that time t can be represented by t = M/T-b, where M is a constant, and b b the 
temperature of <;omplete solidification of the liquid where the relaxation time 
becomes infinitely large. Combinii^ these two values for the rigidity and the 
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relaxation time, the formula for the viscosity uccordinj; to the 
appears as 

N = (1) 

view of Maxwell 

In the following t-iblc, the viscosity of iignr sol for dincrciit temperatures have 
been calculated from the above formula. 

Table IV 
l(3=0-()03, 

A =01386, 
b-'281) 

Concentration of agar sol— O‘477o 

Temperature 

Calculated Visco.sity 

Observed 

tiO'C 

0 00722 

000732 

5r>"c 

0-00786 

0*00788 

50\' 

0 00868 

0*00871 

Ih^C 

0-00070 

0*00965 

40"C 

001105 

Table V 
(P -0-003, 

A “01 742, 
b-288) 

('o/tcentration of agar sol— r04X 

0*01098 

Temperature 

Calculated Viscosity 

Observed 

65°C 

0-00058 

0*00959 

eo'c 

001048 

001042 

55'C 

0-01162 

001152 

50’C 

001308 

0013*26 

45"C 

001505 

001452 

40*0 

0*01778 

Table VI 
(|3“0-003, 

A “0 2360. 
b“206) 

Concentration of agar sol— 1 73% 

001758 

Temperature 

Calculated Viscosity 

Observed 

66°0 

0*01562 

001572 

6()'C 

0*01768 

001746 

55°C 

0*02002 

0 02000 

56'C 

0*02337 

0*02296 

4B'C 

0*02826 

0 02789 
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Temperature 

Table VIl 

(p =0-003, 

A =0*4556, 
b=300) 

Concentration of agar 801—2*99% 
Viscosity calculated 

Observed 

es'c 

0*03349 

0*03342 

60°C 

0 03798 

0*03756 

55"C 

0*04409 

0*04312 

The equation 

(1), connecting the viscosity of a sol like 

Uiat of agar and 

temperature, ha« been found to be in close a^freement with our 

observed results. 

Similar conclusion is 

arrived at from the measurements of viscosities of gelatin sols 

of various concentrations as will be evident from the following tsibles 

Temperature 

Table VJII 

(P=0*03, 

A =0*00002347, 
b=288) 

Concentration of gelatin sol— 2% 
Viscosity calculated 

Observed 

45'C 

0*01088 

0*01088 

40'C 

0*01124 

0*01129 

35‘C 

(«)1210 

0*01239 

30“O 

0*01887 

0*01339 

25'C 

001791 

0*01780 

Temperature 

Table IX 

(p=0^08, 

A =0*00009218, 
b=301,) 

Concentration of gelatin sol— 10% 
Viscosity caculated 

Observed 

50*C 

0*06770 

0*06770 

46*C 

0*07640 

0*07685 

40*C 

0*09192 

0*09802 


The above resulte show that in the r^ae of gelatin aleo, fi remuhe conataol 
and A increases with the increasing concentration of the soi as in : the cstse of agn^ 
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Bol and that there in a remarkable agreement botvreen the observed and calculated 
values of the viscosity* 

It will also be seen from the above that the value of b or the temperature for 
complete solidification of a gel is always less than their actual setting temperatures. 
Thus, 0*47% of agar sol sets to a firm gel at a temperature of 30X^ whilst the 
value of b comes out to be 8*’C for this concentration. It is well known 
that we generally take the setting temperature of a sol when it sets to a gel 
that can st^ind with the gravitational force on turning the test-tube containing the gel 
up side down. Hence it is obvious that the temperature for complete solidification 
is much lower tlian the temperature of setting of a sol. It may be of interest to 
note that Madge similarly obtains the values of b of different liquids much less than 
their freezing points. 

Wc have shown in this paper that there exists some rigidity in agar sols 
which can suitably explain the influence of temperature on the viscosity of agar 
sols. We are of opinion that this rigidity occurs due to the orientJition of colloidal 
particles originating from a force similar in nature as inherent in solid materials, m., 
** crystiillographic force.'^ This view is further confirmed from oiir observations 
on the effect of sowing a sol of agar with already formed gel, which is reported 
in a subsequent paper. 

It has already been emphasized in previous publications,*^® that the sols of 
silicic, vanadic, tungstic, rnolybdic and antiraonic acids contain sufficient quantities 
of these substances in the molecular condition, simple and aggregated together with 
the colloidal particles. The simple molecules have a general tendency to aggregate 
and gradually merge into particles of colloidal dimension with age. Raising the 
temperature of a sol, like that of agar or gelatin when freshly prepared, causes the 
disintegration of the colloidal particles and aggregated molecules into simpler ones. 

This is supported by the ultrnmicroscopic observations on protein sols by 
Arisz and by Bechmann, We are of the opinion that as in gelatin sols, so also in 
i^ar sola the following equilibrium exists : 



Simple molecules Aggregated molecules Colloidal 

particles. 
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CLASSTFICATION OF 1'HE FAMILY. 
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BUMMARY 

The new blood HukeH, one bid on Ring to a new speciee of the genus Lmrediun and the other 
toanew genua lue dcBcribed, Hynoriymity of the genua Gomtiotrema vSiiiha w^ith 

Pia$mii)rchiH Mebra is discussed, and the latter name i» acwpted on the basis of priority. A new 
genus H 0 miorehiti is proposed for Plnsmiorchis hat dellii Mehra. 

The importance (>f the prospuc^i of one or two suckers in the eliissitication of the ftindly 
Bpirorchidac’is discusseti. luid it is held that the monostonn^s are of polyphyletie origin. The genera 
Jim^kiorehis IVitte, Learediua Pric^e, ^e^npirorchis Price and MonttctU^tfH n g are uswigiied to 
their reapetJtive aub-families. 

de«cribed iti 1933 and 1934 the blood fitikos of the fresh water turtles 
available at Allahabad, diBctissed the relationships of the faniilies of blood flukes 
and gave a mvi^ed classification of Spirorcbidae. Previous work on this family 
was reviewed in Sinha, in 1034, described a new genus Gomtfotrema^ 

which, as wH) beahown aabset^ijently, is held synonymous with Pla^^^mordm Mebra, 
1934u The latt^ ttaine has been accepted oti the basis of priority 
: Price (1934) deacHbed^^ species of blood flukes belonging to three 

fieW genera obtained from a marine turtle, 

ill the National Zocd Washington. He also 

tbe ; lit#irftt*tre ci)n<w I.#ear€d, 1862, proposing 

m 
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the new name Lmrodivs earopaeus for this species, The form described by 
Monticelli as Mesogoninius comiriciti^, for which Looss (1809) had proposed the 
genus llapalotrcnHiy he designates as Hnpalofrema mistrouies (Monticelli, 189(5), 
considering it to be the type of the genus. For the form described by Looss he has 
created a new species, Hapalotrenia Loosui (syn. Hapaloirema comlrichun (Leared) 
of Looss, 1899). 

In the present paper there are described two new blood flukes obtained from 
CheloiiH mydan of the Arabian sea, caught near the Kianmri coast at Karachi. 
One of these forms belongs to a new species of the genus LeareMus Price, 1934, 
and the other along with Lmrrdim siniilis Price, 1934, to a new genus Moniicellins. 
In the discussion on the classification of the family it is shown that the genera 
Lear ed ins Price and Monikiditm mg. should be included in the sub-family Sfiiror- 
chinae Sttuikard, Amphiorchh in the sub-family Ilapalotrerninae Stnnkard, and 
Neoapir orchis in the sub-family Utiicaeciinae Mehra. 

LEAHEDIUS ORIENT ALIS, Nov. hvvx,, (figs. 1, 2 aiul 3) 

Two dozen specimens were obtiiiued from the ventricle and auricles of the heart 
of one adult female marine turtle Chelone rnydas caught from the Arabian Sea, near 
the Kiamari coast, Karachi. The blood flukes came out as soon as the heart was 
opened in salt solution and moved slowly with gliding movements. The body is 
thin, transparent, dorso-ventrally flattened, elongated, somewhat elliptical and 
constricted at about the middle or just in front in the region of the acetabulum, 
measuring on the average 4 — 5*5 mm. in length and 1*32 — 1*36 mm, in maximum 
breadth, which lies in the region of the intestinal bifurcation and in the testicular 
region at about one-third of its length from the acetabulum to the ovary. In some 
specimens, however, the maximum breadth lies only just behind the acetabulum. 
The anterior end is broad and somewhat rounded, and the posterior end narrow and 
bluntly pointed. The cuticle is provided with minute backwurdly directed spines, 
which hardly project outside the l>(>dy wall. The oral sucker is sub-terminal, longer 
than broad and slightly protrusibfe, measuring 0*32 — 0*35 mm. in length and 0*256-^ 
0*32 in maximum breadth. In two specimens the oral sucker appeared circular, 
and measured 0*224 and 0*26 mm, in diameter. The acetabulum is thin, somewhat 
membranous, rounded usually with folded margins and pedunclated, measui'ing 
0*4*~K)*56 mm. in diameter. It lies a little in front of or at about the middle of the 
body length ; its inner surface surrounding the cavity is covered with minute 
denticle-like projections or spines, which resemble those of the body wall. The 
pharynx is absent. The oesophagus, narrow at its origin from the oral sucker, widens 
gradually in the first tliird or half of its course. It is lotJg and slightly tortuous 
with three or four bends, measuring M2 -1*84 mm. in length and 0*08 — 0*128mm, in 
breadth. Tlie deeply staining gland cells surrounding it ate specially nuruerous 
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tu’ound it« posterior part, where they form a compact mass. The intestinal caeca 
turn forwards as soon as they arise and then bend backwards fonninj; the charac- 



Fig. 1 

Lmredius orientalis n. sp. Dorsal view. 

Aeet t atietahulum ; r. cirrus sac; cos. excretory bladdar; v., external Bcminal vesiclt 
op., j|j:eiiital openinj?; i, u., intoHiinal caecum; c., loop of intestinal caecum; o.,ovum; oet 
oeftophagus ; ov„ ovary ; o. oral sucker ; h. gr., salivary gland cells ; L, testes ; vit, vitcUaria ; vit. n 
vitelline arc ; r. r., vitelline reservoir. 
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teriatie short wide loops, one on each side of tlie posterior part of the oesophapfus. 
They curve inwards in the region of the acetabulum coming near one another and 
then diverge outwards to continue their lateral course, pressed closely outside the 
testes and ovary, terminating a little in front of the hinder end, where they become 
very narrow and pass mesially forming an arc though remaining quite separate, 
They may touch one another at their blind ends, but they are not united to 
continue into one another ; the terminal ends of the vitellaria surrounding them 
here are, however, united into a complete arc. The caeca are fairly broad, slightly 
narrower than the widest part of the oesophagus, and not slender as in 
learedi Price, except at their blind ends. They may be indented at their inner 
margins, where they are pressed in between the outermost testes. The excretory 
opening is sub-terminal and dorsal. The short excretory bladder is situated between 
the blind ends of the caeca ; it is V-shaped rather than Y-shaped with the cornua 
much longer than the main stem. 

The genital opening lies ventrally, slightly to the left side of the median line, 
in level with or just behind the posterior margin of the ovary, at (V44: — 0*52 mm. 
distance from the hinder tmd of the body. The testes, 35 — 45 in number (28 in one 
specimen), lie closely crowded and pressed against one another irregularly in a 
large mass, filling the intercaecal space between the acetabulum and external 
seminal vesicle. 1'hey are so much pressed against the caeca that the latter present 
a crenated appearance on their inner walls. They have varying shapes, 

usually polyhedral, rectangular, squarish, or triangular, and measure 0-14 x 0*16, 
0-176 X 0-208, 0*288 x 0* 1 12, 0*102 x 0-16, 0-208 x 0-16 and 0*256 x 0-24. The external 
seminal vesicle is large, thin-walled, transversely elongated and filled with 
sperms. It is situated immediately behind the testes mass, between the latter and 
the ovary, to the right side of the basal part ot the cirrus sac, measuring 0-35 — 
0*48 mm. in length and 0*006 — 0-16 mm. in maximum breadth. The cirrus sac, 
fairly large and with strongly developed musculature, 0*6 — 0-64 mm. in length and 
0*006 mm. in maximum breadth near its base, extends from the genital opening on 
the left side of the median line to the hinder margin of the testes in level with or a 
little in front of the anterior border of the external seminal vesicle, overlapping the 
ovary dorsally. It is bent, somewhat retort-shaped or in the form of an elongated letter 
8 with a deep curvature in the right margin of its broad dilated base, which is filled by 
the internal seminal vesicle of 0*12 mm. lengtli and 0*045 mm. maximum breadth and 
well-developed pars prostatiea surrounded by the numerous prostate gland cells. 
Its more or less straight and narrow tubular part contains the ejaculatory duct or 
cirrus, which was found partly protruded in one specimen. 

The large, median, deeply lobed or somewhat dendritic ovajry, 0*4P — 0-51x0*53 
in sixe, occupies almost the entire intercaecal region between the external semiual 
vesicle and the genital opening at 0-48 mm. distance from the hinder end. In sotnO 
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specimens it even ovorlups the inner walls of the caeca and posterior margin of the 
external seminal vesicle. 'rh(j mrptffmhwi snninis is very small, 0*048 — 0*000 mm. 
in diameter, somewhat rounded and situated to the right side, inside the right 
eaecum just or a little behind the ovary aiid, in some specimens, overlapped by the 
yolk reservoir The oviduct, not distinctly seen in entire mounts, arises from the 
hinder margin of the ovary to the right side of tlie median line. The elongated 
ootypc lies inside the rearpUimhitn semirm partly or completely overlapped by the 
yolk reservoir, and bends forwanls immediately in front of the posterior union of tlui 



^^.2 FigJ^ 

LmrffUm oHonUilw n. sp. Ventral view. Ovum of L. (mentaHs n. sp. 

{Lett<*ring as in Fig. 1) 


vitollnria to continue as the metraterm of 0*225—0*24 mm. iengtl* and 0*030 mm. 
breadth, which lies to the left side and is easily distinguished by the preserice in it 
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of H sin^rle large ovum. The teminaJ vfwrt of the metraterm is surrounded by 
deeply staining parenchymatous cells. The shell gland cells are present, but the 
Laurcr^s canal is not distinctly seen. The vitellaria are composed of njoderate 
sized follicles and mostly situated laterally outside the caeca, commencing a little 
in front of the intestinal bifurcation, **«•, in rfie region surrounding the forwardly 
directed loops and terminating at the hinder end of the body just behind the blind 
ends of the caeca, where they are united to form the vitelline arc. The vitellaria 
are also united transversely just behind the intestinal bifurcation up to the hinder 
maiuin of the acetiibulum filling the whole intor-caecal region in front of the testes 
and forming a transverse band across the body. They form, on account of their 
transverse union anteriorly and posteriorly, a complete circle surrounding the caeca 
and all the genital organs enclosed by the latter. The transverse vitelline ducts 
arise at or u little behind the posterior margin of the ovary and just in front of the 
caudal union of the vitellaria, the right a little ahead of the left one, and unite 
mesially to form the large conical yolk reservoir with the pointed end directed 
backwards. The ovum (fig. 3) is large and fusiform, and produced into polar 
prolongations at both ends, measuring 0*195— 0'225 mra. in length including the 
prolongations and 0*021 — 0*024 mm. in maximum breadth. The posterior end of the 
ovum is prolonged into a long filament, which becomes very narrow at the end, while 
the anterior prolongation is, as a rule, a short conical process. 

Learcdim orkntalu sp. n. differs from Learedim learedi Price in the larger 
size, especially tlie much greater breadth of the body, greater size of the two suckers, 
especially the acetabulum, larger number of testes, large size of the external seminal 
vesicle and the eirrus sac, which also differs in shape, posterior union of the 
vitellaria, and shape of the ovum. 

Host : Chdone mydas. 

Position : Ventricle of heart 

Locality ; Arabian sea, near Karachi. 

MONTIOELLIUS WS^IOUM »ov. oen„ jjov. spec (fig 4) 

Only one specimen of this blood fluke was obtained from the ventricle of the 
heart of the same Chehne mydas, from which the previous species is described. The 
body is thin, transparent, narrow and elongated, somewhat filamentous like a very 
small nematode, measuring 3 mm. in length and 0*4 mm. in maximum breadth which 
lies in the region of the testes. The breadth near tlie anterior and posterior ends is 
smallest, 0*208 0 )m behind the oral sucker and 0*224 mm, just behind the ovary ; ini' 
mediately behind the acetabulum and in the region of the ovary it measures 0*32 mm. 
The cuticle appears to be devoid of spines or verrucae. The oral sucker, 0*144 
mm. iu length and 0*148 mm. in maximum breadth, is sub-terminal and protrusible. 
It is broader in front and narrow behind and thus appears to be produced n 
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small posterior prolongation. The aeetabulam, 0^256 mm. in diameter, is nearly 
double the size of the oral sucker and pre^equatorial, situated l'05fi mm. behiiid the 
anterior end and 1*95 mm. in front of the hinder end. The pharynx is absent 
The oesophagus, 0*24 mm. long and 0-03 mm. broad, is nearly straight and surrounded 
by the salivary gland cells which form a buJbifonn mass around its hinder part. 
The intestinal bifurcation lies much in front of the acetabulum. The intestinal 
caeca pass downwards as soon ns they arise, terminating a little distance in front of 
the hinder end ; they do not form the anteriorly directed loops at their origin as in 
the genus The excretory opening is sub-terminal, situated dorsal I y near 
the hinder end. The small excretory vesicle is V-shaped ; the two cornua conW be 
traced over only a small distance. 

The testes, five in number with entire or irregular margins and 0*1 6— ^0*170 mm, 
in diameter. He median, closely pressed against one another in a siiigle linear series 
occupying almost the entire intercaecal space between the acetabulum and external 
seminal vesicle, much in front of the hinder end at 1*01 mm. distance from it. The 
external seminal vesicle, filled with sperms, is situated median in th,e intercaecal space, 
pres.sed between the hindmost testis and basal part of the cirrus sac, 0*91 mm. in 
front of the hinder end and 0-7 mm. behind the acetabulum. It is elliptical in shape 
and directed slantingly, measuring 0*19 mm, in length and 0*00~-()*0()fi mm in 
uniform breadth. The cirrus sac is long, sornwhat sinuous, bent twice, or S-shapeil, 
having 0*72 mm. length iiiid 0*075 mm, greatest breadth whicli lies across its base. 
Its distal, tubular part after the first bend, which makes a right angle with the base, 
lies ventrally to the ovary, and suddenly narrows after the second bend to open to 
the exterior at the genital opening which lies almost median at mm. distance 
from the hinder end. The large internal seminal vesicle fills the basal part of the 
cirrus sac and is followed by the tubular para protitatmi Burrounded by the well de- 
veloped prostate gland cells. The (*jacnkitonns occupies the narrow terminal 

part of the cirrus sac which is about one-third of its entire length. The ovary is 
lobulated. but not dendritic, and situated ventrally to the tubular part of the cirrus 
sac at 0*39 mm. dist^mce from the hinder end, measuring 0*4 mm. in length and 0*10 
mm. in greatest breadth. The smalt rectptfmilum seminis lies just behind the 
ovary to the right side in front of 'the yolk reservoir. The oviduct arises from the 
right margin of the ovary at its posterior end. The shell gland mass surrounding 
the ootype lies partly below and partly behind the yolk roHei:voir The Laurer^s 
canal could not be obsej*ved. The metraterm, 0*27 mm. in length and 0*03 mm in 
greatest breadth, lies somewhat transversely a little behind the yolk reservoir and 
contains a single ovum in its large proximal part It oijens by a narrow terminal 
duct to the exterior at the genital opening. The ovum is large with narrow, 
somewhat curved or hook-shaped prolongations at Imtli ends, measuritig 0*102 mm. 
in length including the prt))ongatioim and 0*021 mm. in greatest breadth. The 
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prolongation at one end is longer and narrower than at the other. The viteliaria 
are composed of small follicles and extend from the intestinal bifurcatioti to a little 
behind tlie ovary. They are laterally situated outside the intestinal caeca excej>t in 
the pre-testicular region between the intestinal bifurcation and anterior testis, where 
they are united to form a large median mass filling the entire inter<*aecal field. 
Posteriorly, they unite to form the large yolk reservoir which occupies a median 
position immediately behind the genital opening at 0T8 mm. distance from the 
hindtT end. 

Host: Chelone niydm. 

Position : Heart 

Locality : Arabian sen, near Karachi. 

Remaukh on the genus MONTICELLIUS Kov. gen. 

Price (1034) has pointed out the differences which separate his two species 
Learedins lenredi and L. though he includes both of tliem under the same 

genus. In our opinion, these differences are so conspicuous that the creation of a new 
genus appears feasible for L, similis Price and the new form described above. Tlie 
new genus Monikelliifs is distinguished from Learedins Price in the small size and 
.slender shape of the body, much smaller length of the oesophagus and the intestinal 
bifurcation consequently occurring much in front of tlie acetabulum. The intestinal 
caeca in MonticelUus are nearly straight and do not form the characteristic loops at 
their origin, nor do they curve in the region of the acetabulum as in Learedhis, 
The testes in Monticellias are much smaller in number and do not form a large 
irregular mass ns in on the other hand, they appear to lie in a linear 

series, terminating much more in front of the hinder end of the body than in the 
latter genus. Tlie external seminal vesicle is larger and the cirrus sac relatively 
much longer in the new genus. The position of the genital opening is also more 
anterior, and the ovary, though distinctly lobed, is not dendritic as in LearedtHs, 

MordkoUius indkiim n. sp., which is designated as the type species of the 
new genus, resembles closely Monikellitis dmilis (Price, 1934) but differs from it 
in the apparent absence of spines or verrucae, shape of the oral sucker, in the ratio 
of the size of the two suckers, in the smaller number of testes, and their arrangement 
in a linear series. The vitellaria extend a little more backwards in the new species, 
terminating a little behind the ovary and not at about its middle as in similis. 

OnSEliVATIONS ON THE SYNONYMITY OF CERTAIN GenERA AND 
Classification of the Family Sfiborc^hidae. 

Sinha described in June 1934 number olihQ Records of tim Imlian Miismm 
a new blood fluke Cfomtioirema sanguina, which shows such a close similarity to 
F. 2 
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the species* of the genuB Hasmiorehis deembed by me in May 1934, that the two 
genera must be held synonymous. The chief points of resemblance are the presence 
of an acetabulum, formation of the forwardly directed loops at the origin of the 
intestinal caeca one on each side of the oesophagus, and similarity in the topography 
of the genital organs, / c., the arrangement of the testes in a linear series in the 
median plane of the body in front of the owry and position of the genital opening 
near the hinder end. The resimla semimlis^ reeepiamdum semirm^ uterus, vitellaria, 
vitelline ducts and reservoir show also similarity in their position. As these two 
genera are identical and, therefore, synonymous, the name Ptasmiorchis is accepted 
on the basis of priority. 

Plasmiorchu sanguina (Sinha, 1934) resembles Plamiiorokii< pMnoidns Mchra, 
1934, in the size of the body and oral sucker, entire and ovoid shape of the testes, 
position of the ovary from the hinder end, and nearly equal length of the oesophagus, 
but it differs in the retention of the acetabulum in the adult, in the number of the 
testes (8-9 xnpdIurJdus and 12 in sanguinaX and shape of the ovary which is divided 
into four or five lobes and has equal long and broad diameters in Pellnndus^ but is 
dome-shaped and trilobed posteriorly in miiguina. The ovum in pellumlm is larger 
than in the latter species, in which the presence of the rudimentary cirrus sac 
has not been reported. PL orisntalis Mehra resembles Plasmtorchis sanguina 
in retaining the acetabulum in the adult condition, and, moreover, its acetabulum 
is much larger than— almost double the size of-*- that in sanguina^ though the 
body is shorter. The testes also differ much in number, size, and shape, in the 
two species. 

Plasmiorekw hardellii Mehra, 1934, differs remarkably from the other four 
species of the genus, oHenialis, pelltiddus, ohsmrum^ and mnguina^ on account 
of the large size and shape of the body, large size of the two suckers, specially the 
acetfibulum which is almost double the size of the oral sucker in the greater length 
of the anteriorly directed loops at the origin of the caeca, in the presence of wel^ 
defined and fairly large genital loops of the Caeca in the region of the genital 
opening, the characteristic narrow and irregular shape of the testes, 19—21 in number 
and very small in size relatively to the size of the distome, small size of the ovary, 
in the very small, practically obsolete condition of the ertemal seminal vesicle, 
and in the presence of the well-developed cirrus sac with fairly thick muscular walls. 
Above all, the glandular vesicle in hardellii is enormously developed and much 
convoluted forming a conspicuous structure at the hinder end. It appears ttint 
some of the differences, such as the presence of well-developed cirrus sac, great 
reduction in size or practietd disappeatatice of the external seminal vesicle and 
the enormous development of the glandular vesicle in Plasmiorchiit }mrd$Uii 
justify its separation under a new gsouis for which we propose the name 
^enmrdm 
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The synonymy of th^ genera Tremarhynchuft ThB^paXy 1933, and Coefivitrema 
Mehra, 1933, was discussed before by us (1934) and the latter name was accepted 
on the basis of priority. The affinities of Coetiriirema with Ilapalorhymhus 
Stunkard were discussed in 1933, Price (1934), however, places Coeiiritrema 
in(Hcu« (Thapar) under the genus Hapalorhynchus as IL ijulicus (Thapar) because, in 
his opinion, it does not differ sufficiently from IL gradlis Stunkard to warrant its 
separation as a distinct genus, the differences being specific rather thati generic. 
We do not accept this view on the basis of the description of Uapalorhynchtis given 
by Stunkard, Tlie presence of a large muscular cirrus sac, protrusible cirrus, and 
well-developed metraterm, in Coearitrenia^ and their absence in the latter genus point 
towards that direction. The vestctila seminalis in Hapalorhynducs is much larger 
and occupies a different position, and the prostate gland which is also large takes 
most of the space between the seminal vesicle and anterior testis, in contrast to 
that of Coearitrcmay which occupies a limited space within the cirrus sac. The 
ovum also differs remarkably, being tricornuatc in TIapalorhynchm and oval with 
two polar filaments in Coeuritrema- 

The relationships of the blood flukes and classification of the Spirorchidae 
have been discussed by Stunkard (1923) and Mehra (1933 and 1934). Price (1934) 
points out that the genera of the Spirorchidae fall into two more or less well-defined 
groups, one consisting of monostamatous forms and the other of distomatous forms, 
but he thinks it undesireable to regard the two groups as sub-families on the basis 
of Ejsmont^s view that evidence of transition occurs in some of the genera. 
The family Spirorchidae has been divided by us (1934) into sub-families on 
the basis of deep-seated and well-marked characters, such as the 
position of the genital opening, the number of testes— two or many— atid their 
position in relation to the ovary, and the strongly developed or poorly 
developed condition of the cirrus sac but not on account of the presence 
of one or two suckers. The view that the monotomes are of polyphyletic 
origin has been held by several investigators. Morishita (1924) included in the 
genus Cyclocoelium^ which belongs to the family Cyclocoelidae and is the most 
typical monostpme group, two species, C. vagum and G distomaium, which possess 
a ventral sucker. The two genera, Spirorchis Mac Call um and Plasmiorchis 
Mehra, of the family Spirorchidae resemble so closely in the topography of 
their genital organs that they are included in the same sub-family Spirorchinae, though 
riiey consist of monostpinatous and distomatouf» species respectively. It was 
pointed out by u$ previously (1933) wbile disonssing the affinities of Spirhapalum 
B^smont and IHarmastor^kis j^smont miih ^^ptrorchu that the presence or 
absence of a ventral suoker, by itself, sbaold not be considered as a feature of more 
than speciSo or generic rank* There is no distinct natural limit between the 
monoatomes and rU^tomes* 
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The question of allocating the genera Amphiorchis Price, 1934, Lmredmn 
Price, 1934, Neosptrorchis Price, 1934, and MonticeUius n.g. to their respective 
sub-families needs consideration. The genus Amphiorehis belongs to the sub-family 
Ilapalotreminae Stunkjird on account of the position of the genital opening at about 
the middle or a little behind the middle of the body length and the forward position 
of the ovary with its associated ducts and that of the cirrus sac. It is more closely 
related to the genera Coeuriirenm and Hapalorhynehm on account of the testes being 
simple instead of being divided into pre-ovarial and post*ovarial groups of follicles 
as in Hapalotrema. But it differs in the ventral position of the genital opening 
which lies behind the anterior testis, whereas in Coeuritrema and napalorhynrlms 
the genital opening is dorsal and situated in front of the anterior testis. The 
external seminal vesicle and cirrus sac lie behind the anterior testis in A 7 ?}phwrckis^ 
but reverse is the case in Coeuritrema (cirrus sac is absent in Hapalorhymhm). The 
genera Learediuft and Monticellms belong to the snb- family Spirorchinae on account 
of the position of the ovary with its associated ducts, genital opening and the cirrus 
sac near the hinder end as in SpiroiehUy Plasiniorchk and Hemiorchis n.g. But they 
differ remarkably from the latter genera, among other features, in the large size and 
shape of the cirrus sac. The testes in Learediiis are, however, large in number 
and irregularly arranged in a mass, whereas in MontieelUus they foreshadow the 
arrangement in a linear series so characteristic of Spirorchis^ Plammrchis and 
Bemiorcim n. g. It appears tliat we can arrange the genera of the Spirorchinae, 
Learedius, Montieellimf Hemioi-chiSy Plasmiorcfm^ an.d Spirorehis^ in a continuous 
evolutionary series showing the transition from the strongly developed cirrus sac 
met with in the first two of the series to its reduction in size and practical 
disappearance in the last two genera and also the transition from the haphazard and 
irregular arrangement of the large number of testes characteristic of Learedius to 
their diminution in number and linear arrangement characteristic of the last three 
genera of the series. The genus Nempirorclm should be included in the sub-family 
Unicaeciinae Mehra, 1934, on account of the presence of single long, more or less 
coiled testis, almost spiral shape of the ovary which is situated along with the 
posterior part of testis in hinder part of the body, and the position of the genital 
opening in posterior half of the body near binder end. Price has already pointed 
out that Nempirorchis sclmtosomatoides appears to be closely related to Unieaemm 
Rusxhoivskii Stunkard. The important difference between these two species is tihe 
form of the digestive tract While the latter species possesses only one caecum, 
Neospirorchis has two caeca that remain separate for a short distance and unite near 
the level of anterior pole of testis to form a long common caecum-*-a form of the gut 
resembling that of the family Schistosomatidae* It appears that the gut of 
Unicaemm represents a condition in whioh the two caeca have become United 
throughout tlieir course. 
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OBSERVATIONS ON THE DEVELOPMENT OF ZOOSPORANGIUM 
AND LIBERATION OF ZOOSPORES IN ACHLYA 
DUBJA COKER 

By M. 8. Murdia 

DKrAUTMgNT OF BOTANY, UnIVERBITY OF ALl AHABAT) 

CoiiiRmnictLted by Dr. R. K. Sakscna 
(Recciveil on August 30, 1939) 

SUMMARY 

1. The process of the development of / 008 {K>rangium and the liberation and furtlier history 
of zoosixjros of Achlya duhia Coker. (Baprolegniaccae) has been studied both in living and fixed 
conditions. 

2. During the development of the sporangium in the living condition four principal stages 
have been observed, vtt;., (a) the stage of inflow of protoplasm ending with the formation of a basal 
septum, (b) the stage of preliminary division, (c) the homogeneous stage, and id) the stage of final 
division and formation of zoospores, 

3. The 2 oo»i)or©B, after liberation, undergo a period of rest followed by a single swimming 
period. Finally, they come to rest and germinate by means of germ- tubes. 

4. The optimum temperature for the formation of sporangia and spores lies between 27*^0 
and 30^C. While oxygen is indispensable for the formation of sporangia and liberation of zoos|)ore8, 
it inhibits the process in higher concentrations. Light seems to have no effect on the formation 
of sporangia. 

5. The nuclei in the sporangium initial are at first irregularly distributed, but later become 
regularly arranged os the cytoplasm becomes divided into ])olygonal masses. Each of these polygonal 
masses has a single nucleus and represents a spore initial which finally rounds off to form the zoos}K>re. 

6. The internal structure of resting and motile zoosjxsres has been described. The motile 
zoospore, as it comes to rest, gives rise to a germ-tube. The nuclear divisions at this stage seem to bo 
amitotic. 

The zoosporangium of Saprolegniaceae has been an object of critical study 
towards the close of the last century. Among the chief workers, Busgen (1) and, 
a little later, Ward (11) were the first to publish nearly concurrent results of their 
study. These workers held that the lines of preliminary division in the sporan^um 
were cell-plates or nuclear-plates, and that they formed the ultimate aource of a 
substance — ^the expulsive substance that lines the sporangium in the last stage and 
causes the expulsion of zoospores. De Bary (6) accepted the views put forward 
by these workers. Rothert (9) and Hartog (6), however, carried on a more critical 
study and denied the presence of anything like cell-plates or xntdeaivplates 
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and the expulsive substance. The soundness of this conclusion has been proved 
by later investigators. Trow (8)t working with a species of Saprolegnia^ confirmed 
Harfcog^s observations and also brought forward some details of nuclear behaviour 
daring spore formation. Among later workers, Weston (12) studied the process of 
spore formation and discharge in Thrmuftothem cUivatay and Couch (4) studied the 
same in Leptolegmay Acftlya and Aphnnomy(*es, Cotner (8) contributed to the 
cytology and optimum conditions for the formation of zoospores in Oomycetos, 
including four Saprolegnacious species, and Mathews (7) has given an account of 
the cytology of zoospores in Leptolegnia, In the present work an attempt has been 
made to make, as far as possible, a detailed study of the process of the development 
of sporangium and liberation of zoospores in Aehlya dubia Coker, of the family 
Saprolcgniaceac. 


Material and Methods 

The fungus was isolated from a local sample of water (8), The formation 
of sporangia was effected in a number of ways- The main underlying principle 
in each case was the sudden diminution of food supply in accordance with 
the general law established by Klebs. Pea-broth, lentil decoction, and bacto-peptone 
(1%), were some of the suitable rich liquid media employed to obtain vigorous growth 
of the fungus. Mycelium groWn in any of these media, preferably in tlie first two, for 
about 48 hours and transferred to sterile, well-aerated, distilled water after being 
carefully washed for 30—40 minutes with the same, produced sporangia in 5 to 0 
hours. A quicker and more convenient way fm* the formation of sporangia was to 
transfer the aerial mycelium of the fungus, growing on oat-nical agar for 
8 to 10 days, direct to water, care being taken that no medium accompanies it. 
In this case the gemmae already formed in the aerial mycelium send out germ-tubes 
which form sporangia at their ' distal ends in 3 to 4 hours. The main advantage 
of this method is that one is relieved from the arduous task of carefully pre-washing 
the mycelium before finally transferring it to water. For studying the behaviour of 
zoospores after their liberation from the sporangium, well-aerated sterile conduc- 
tivity water was used instead of distilled water. The development of sporangium 
in the living condition was observed through a water immersion lens while the 
behaviour of zoospores after liberation was studied in hanging drop cultures. For 
the fixation of sporangia Bouin^s fluid (2), Flemming's weak solution and formalin- 
ncetic-alcohol (2) ^diluted four times— were used. But for a little shrinkage 
with Bonin's fluid, all the three gave quite satisfactory results. Preparations 
were stained both with crystal violet (following a modification of Gram's method) 
atid iron-alum haematoxylin. For the flkation of zoospores, Cotner's method (3) of 
killing by exposure to 1% osmic acid vapours for 15— *20 seconds and staining with 
ejrystal violet was closely followed. 
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Ob8ebvatio:n^s ok Livxko Matebiai^ 

With the sudden diminution of food supply, the growth of the hyphal tip practi- 
caJly ceases, and is followed by the gradual inflow of protoplasm into the tip. This is 
the beginning of sporangium formation. This inflow of protoplasm continues for a 
varying length of time and, when sufficient quantity has flown in, the formation of a 
basal septum takes place (fig. 2). The first indication of the formation of this septum is 
the appearance of a narrow, more or less transverse strip of hyaline area at the base of 
the dense granular contents (fig. 3). This hyaline area quickly increases in size and, 
in about less than a minute, assumes the form of a broad hyaline zone. Immediately 
following this, there appears a transverse septum at the lower surface of this hyaline 
zone (figs. 4, 5), Later, the hyaline zone gradually disappears while the septum 
becomes more prominent. The succeeding changes in the sporangium are concerned 
witli the organization of zoospores from the dense protoplasm. 

There is, at first, an appearance of a central axial vacuole as a result of the 
tendency of the protoplasm to occupy a peripheral position. The breadth of this axial 
vacuole depends on the amount of protoplasmic contents present in the sporangium. 
In sporangia with abundant protoplasm this presents itself in the form of a narrow 
irregular zone in the axial portion, while in those with deficient protoplasm it 
occupies a prominent central position reducing the protoplasm to a comparatively 
narrow peripheral layer. In all cases the presence of the vacuole was demonstrated 
admirably well by treating the sporangium at this stage with a neutral red solution. 
Following the appearance of the axial vacuole, cleavages make their appearance 
extending from the central region into the protoplasm (fig. fi). These cleavages 
seem to be the finer continuations of the axial vacuole because they tjike up colour 
with neutral red solution. Later, these cleavages beconie more and more 
prominent and form a system of intersecting lacunae which divide up the entire 
sporangium contents into roughly polygonal masses excepting a very thin peripheral 
protoplasmic layer which remains unclcft (fig. 7). This has been termed the stage 
of prdiminary dirmori. With the completion of this preliminary division, there 
follows immediately a stage in which the entire protoplasmic contents, hitherto 
organized into definite polygonal masses, become once again homogeneous with little 
or no indication of any previous division. This has been termed the homogm^mus 
stage (fig. 8). It lasts for 2 — 4 minutes and is characterized by a slight contraction 
of the sporangium. In the present observation this contraction was, on an average, 
1/lOth of the width of the sporangium. This homogeneous condition has been shown 
by Rothert to be due to the rupture of the remaining peripheral layer of protoplasm 
lining the sporanglal wall by the extensions of the internal clefts. In the present 
instance also the same explanation seems to be satisfactory. The rupture of this peri-' 
pheral protoplasmic layer, which so long maintained theturgidi^ of the sporangium 
by acting as an osmotic layer, leads to the escape of vacuolar sap, with consequent 
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ahrinkage in the eporangial width and obliteratton of the lacutiae of demarcation 
between the spore initials, resulting in a homogeneous state of the protoplaani. 

In the final phase which next ensues, there is a rapid reorganization of the homo- 
geneous protoplasm into polygonal masses or — as they may be now called— spore 
initials. This may be explained as due to the tendency of the protoplasm to aggregate 
round numerous centres: the nuclei, which are not visible in the living condition. 
These spore initials become delimited by delicate membranes ; they swell up by imbib- 
ing water and become more and more separate from one another as well as from the 
periphery (fig, 9). That the water is imbibed by these spore initials was shown by the 
fact that when the sporangium at this stage was treated with a neutral red solution, 
the coloured solution appeared to diffuse into the spore initials from the periphery 
towards the centre. It is, therefore, presumed that a similar phenomenon takes place 
when the sporangium is kept under observation in water. This imbibing of water 
causes swelling of the zoospores — as they may be called now — with conse()ncnt 
swelling of the sporangium. Finally, the pressure from within breaks the sporangial 
wail at the apex and the zoospores rush out. 

lAheration of ‘.ms/jorcs. -As soon as the opening apj)ears at the apex of 
the zoosporangium, the zoospores rapidly force their way out through the opening, 
often becoming constricted as they do so. One by one tlie zoospores emerge and 
become grouped in a hollow sphere (fig. 10). The outnish of the spores, so rai)id at 
first, is seen to slacken after some time, but, in every casts as th<* zoosi)ore coiues 
near the opening, it quickens its speed and leaves it with a run as if tliere were some 
external attraction. In badly aerated cultures such as samples of water in which the 
mycelium had formed sporangia for 24—48 hours and the oxygen of which was 
practically used up by the fungus, it was found that zoospore.s were not discharged 
outside through an apical opening. The whole sporangium develops a IHctyfwhm 
alnk^ /.e., the spores either germinate within the sponingium (fig. 11) or come 
out through oi>enings in the sporangial wall (fig. 12). This indicates that aeration 
of water plays an important rule in the normal liberation of zoospores. Hartog (0) 
explains the escape of zoosf)ores either as due to the attraction of zoospores by 
the aerated water outside or as due to a tendency to escape from tlic products of tlieir 
own metabolism (i. e., from staling substances). 

Behaniour of xoospores. — The zoospores are spherical, have finely granular con- 
tents and 'bear no cilia at this stage (fig, 13). After li to ll hours, the entire 
protoplasmic content comes out in the form of a round amorphous mass through 
an opening in the wall of the zoospore (fig. 14, 15). In about 5 minutes this 
round amorphous mass assumes the characteristic structure uf the motile zoospore. 
From a Kfroovo on the surface are seen coming out two delicate cilia that lash' slowly 
back and fortli until the zoospore finally frees itself with a jerk and swims actively 
away. The more tapering end is directed forward, and by the tractile actioti of 
F. 8 
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the anterior cilium the zoorJtpore is drawn rapidly alon^, while the posterior cilium 
is drawn behind as a more or less passive rudder (lig. Iti). It continues to swim for 
80 — 90 minutes, the movements getting more and more sluggish towards the end, 
and finally comes to rest If there are traces of any nutriment in the water, then 
the period of motility is cut short and the zoospore comes to I’ost earlier. As it 
comes to rest, it contracts itself to a sphere, the cilia disappear, and it becomes 
surrounded by a definite wall (fig, 17). After 80 — 35 minutes it puts out a 
germ-tube (fig. 18 ) A careful attempt was made to find out if there was a second 
swimming stage of the zoospore; but, in all cases, it germinated after the first and 
the only swimming period, 

TKMPKnATUIiK 


In an attempt to find the optimum temperature for the development of 
sporangium and liberation of zoospores, aerial mycelium from oat-meal agar was 
transferred to hanging drop cultures and kept at M/, 20°, 24°, 27°, 28°, 30°, and 33 (X 
The following periods were required, at each temperature, for the liberation of 
zoospores. 


Temp. lOX: 20°(: 2T<: 27°(^ 28°(' 30°(: 33°C 

Time in hours 24—30 8-10 4--4i 3-3;i 3 3ii 3-3i 5 


At 33°C only a few sporangia were formed. From these it was evident that 
the optimum lay somewhere between 27 C and 30* (\ 


OXYOKN 

Several samples of water with different oxygen concentrations were prepared 
with the view of observing the effect of oxygen on sporangium formation, Purified 
oxygen was passed in five flasks, each containing 100 ct*. of sterile distilled water for 
2, 5, 10, 15, and 20 minutes. Aerial mycelium from oat-meid agar was transferred in 
each of them in hanging drops and kept at 27*C. It was found that the sporangia were 
formed and the zoospores liberated in 3-3l hours in the sample of water that 
oxygen was passed in for 2 minutes while the same was accomplished in about 
hours in the sample of water with the next higher concentration of oxygen. 
In samples of water in which oxygen was passed for 10, 15 and 20 minutes 
nO sporangia were formed. These experiments show that white oxygen, in small 
concentrations, is indispensable for the sporangial formation, it inhibits the 
process in higher eoncentraHons, 

LroHT 

Light did not prove to liave any influence on the formation of sporangia, 
Hporaugia were formed and zoospores liberated in approximately the same time 
ill day-light, red and violet light, 4nd in complete darkness. 
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OnSKUVATlONS ON FiXEI) MATKIirAL 

HporaugunH . — A imiaber of wfcay;eH in tkie development of sporangium up to 
the liberation of zoospores have been observed in the fixed preparations. In the 
earliest stage th(* hyphnl tip which is the sporangium initial, is, as shown in fig, 10, 
multi nucleates and the nuelei are scattered irregularly in the uniformly distributed and 
finely granular eytoplasm. The nuclei are mostly round and their structure is similar 
to that of the nuelei in the vegetative hyphae (8). The next stage, represented in fig, 20, 
shows the differentiation of an axial vacuole, while the cytoplasm along with the nuelei 
is seen to have takerj np a peripheral position. The axial vacuole is extending, at a 
number of places, into the cytoplasm. At a later stage (fig. 21) the entire cytoplasm is 
divided up into polygonal masses, eacdi with a e<‘ntrally placed nucleus. In the 
final stngc shown in fig. 22, the s[)orangium is seen filled up with a number of rounded 
uninucleate spores, ready to be dis(‘harged. Ootner (,*{) describes the nucleus in the 
s[)ore initials of Arhiya co)i.^pi('-t(a as a crescent-shaped sf)indle with the bulk of 
the chromatin material at a position mid-way between the poles. Such a structvjre 
of nuclei in the spore initials has not been observed in any of the pn^parations. 

Z(josporv,H . — As shown in fig. 23, the resting zoos[)ore is spherical in shape, 
and has finely granular and d(*licately reticulate cytoplasm and a cell-wall. Near 
its centre is the muileus with a ])rominent nucleolus. The succeeding motile stage 
of the zoospore lias b(‘eii illustrated in fig. 24. There is no definite wall surrounding 
this motile zoospore; herua* the more or less irregubu* outline. 1'*he cytoplasm, there- 
fore, ajipearsto be divided into a denser portion immediately surrounding the nucleus, 
and a peripheral vacuolated portion. The nucleus is much nearer to the surface and 
is extended into two soft, beak-like projections, each terminating in a deeply staining 
granule : the basal granuh'. The two delicate cilia have their insertions a little below 
the plasma membrane in these granules. The structure of the zoospore, when it has 
come to rest after the swimming tieriod, is similar to that before the swimming 
stage. Here, the nucleus becomes round and is surrounded by a definite wall. The 
nucleus again shifts to the centre and there are no indications of the beak-like 
projections or cilia. A germinating zoospore has been represented in fig, 25, The 
nucleus of the zoospore is seen in a state of division that is probably of an 
amitotic type. The nuclei in the germ-tube are nearly spindhi-shaped with the 
nucleolus in the middle. 

In the end, the writer expresses his gratitude to Prof. J, H. Mitter for providing 
him laboratory facilities, and gratefully acknowledges his indebtedness to Dr. R. K. 
Saksena, under whose supervision this work has been carried out, for his helpful 
suggestions and criticisms. 
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EXPJ.ANATJr>N OF Pl.ATKS 
I 

1 10. Various sta^fcs in the development of a Hfwraugium. 1 and 2. iSfK3ran^^um initial 

becoming filled up with protoplaam, 3, 4 and 6, tStages in the formation of basal 
sept uni. 6. Begin iiingH of cleavages. 7. Comjilotion of preUniincry division. 
S. Homogonoous stage. 9. H|>ore» completely formed and ready to lie discharged 
out. U). Zaosjiorefl discliarged out in a hollow sphere ( x 5(K)). 

II 

Figs. 11 and 12. Mature sporangia in badly aeraUjd water. 

1 1. S|M)res sprouting while in the sporangium ( x 500). 

12. IHctpuchua state of s^Kiraiigium ( xr)00). 

Fig. 13. A resting zoott^iore ( x KXX)) 

Fig. 14. The cimttmtH of a zoo»|K»re in the proc-esn of coming out { x 500). 

Fig, 15, Entire contents of the same zoospore dtjiwhargal out in the form of a round 
ainori>hous mass i x lOtX)). 

Fig. U). A motile zoo8iM)re ( x K.i00). 

Fig. 1 7. A resting zoo8j.K)re after the completion of the .swimming period ( x 1000). 

Fig. 18. A germinating zoospore ( x 1000). 

Figs, 19 to 21. Four different stages in the development of sporangium as observed in fixed 
preparations. 19. Young s{ioratigiufn initial with irregidarly distributed nuclei. 
20. A later Ht age with an axial vocuole. 2K*Bporanguim with the cytoplasm 
divkhnl up into roughly })oiygona1 and uninucleate portions. 22. Sporangium 
with a number of rounded uninucleate aooapores. ( x500). 

Figs. 2.1 to 25, Difl’erent stages of roospofe in fixed condition. 23, A resting soosiJOre \ x24), a 
motile zoospore ( x 26), a germinating zoospore { x lOOO). 











CHEMrCAf. EXAMINATION OF THE ESSENTIAL OIL FROM 
THE PEELS OF NAGPUR ORANGES 

Rv Riuj KrHirojiE Malaviya and SiKHinufTsiiAx Durr 

(’HKMISTUY DKfARTMENT, AUUAHAliAO ITNIVKRrtITY 
(ll(»ooive>d on 4, 19;^) 

8I1MMAHY 

1. The eBBcntial oil fj’om peek of Nagpur oranges has been isolated for the firsi time by 
steam distillation. 

2. Further examination of the essential oil revealed the fact tliat the essential oil consists of 
over 91 per cent, of ddimonenc together with smaller quantities of terpenene, earene, linnlool and 
methyl anthranilaie 

The essential oil k containwl in the f>e(}lB to the extent of 1 per cent, of the fresli material. 

4. The comnierciul manuhicturc of orange oil from Nagpur oranges would a very profitahle 
proposition, providwl industrios for the c 4 tuning of oranges and making them into preserves are also 
simultaneously develo|>ed. 

Although orange oil is a common commercial commodity and hna been examined 
by a large number of workers in Europe and America, yet up to this time no attempts 
appear to have been made to examine the essential oil derived from the peels of 
oranges of Indian or even of Asiatic origin. It is a well-known fact that the quality 
and chemical characteristics of essential oil vary considerably according to locality, 
climatic and soil conditions under which the essential oil plant is grown. This will 
be apparent from the table below 


Table I 

ComtautH of orange o/Av from different mmrees. 


Source of 
omiigeoil. 

Sp. Gr. 

Optical rotation. 

lieaiilue. 

JnmAicfl 

0-8481-0-8488 

+ 97-47-98-2* 

1-4% 

Italy 

0-8480- 0'8530 

+ 95—98* 

2—4% 

Sicily 

0-8480--0-8r)00 

+ 98 -99* 

1-5-2% 

West Indiea 

0-8475— 0-8550 

+ 98-3* 

• • # 

ibomiitioa m 

0-85.50 

+ 96-58* 


florida ... ... 

0-85W) 

J75 

+ 96-2.5* 

... 
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There are five different varieties of sweet orange usually met with in the Indian 
market, and they are : (1) the Sylhet or Khasia orange grown in Assam, (2) the Nag- 
pur orange grown in the Central Provinces, (3) the Delhi orange grown in the Punjab 
and the western districts of the United Provinces, (4) the Poona orange grown in Poona 
and on the neighbouring Deccan plateau, and (5) the South Indian orange grown in 
Coorg, Mysore and the Nilgiri hills. According to Sir George Watt (3), the Sylhet 
and the Nagpur oranges are pure varieties, different from those known anywhere else 
in the world, whereas the remaining three types are hybrids of the Mozambique, 
Manderin, and Maltese, oranges. 

As Nagpur orange constitutes a distinct variety, the essential oil from which 
has never been examitied before, it was thought desirable to submit it to a systematie 
chemical examination. It is interesting to note in this connection that as yet no 
attempts have been made to manufacture essential oil from Nagpur oranges in spite of 
the fact that the peels contain a large proportion of essential oil whicdi is very impor- 
tant from the medicinal as well as coimnercial points of view. Incidentally, it might 
alvso be mentioned that the Nagpur oranges hav(? a comparatively long season — from 
November to May- and they are then available in such large quantities that prices go 
down tremendously. The peels of Nagpur oranges which are fairly thick and form a 
good proportion of the entire fruit, are always thrown away and no use is made of them, 
fn season time they become so abundant and consequently so cheap that very often 
it becomes apparent that, on acoouiit of the perishable nature of the fruit, it is not 
very profitable to cultivate oranges. But if aii attempt is made to can the fruit or 
make preserves out of it and utilize the peels for the manufacture of essential oil, then 
the cultivation of oranges cari really become a profitable undertaking for the agricul- 
turists and also a great source of natioual wealth. 

.Vs already stated, orange oil is very important both from the commercial and 
medicinal points of view and, as such, comuiatids a high price in the market (Rs. 17/- 
per lb , Italian). It is extensively used in perfumery and as a flavouring material 
for syrups, jams, jellies, aerated drinks, sugar candies, Indian sweets, toffees, 
lozenges, etc. Medicinally, according toDymoch (1), the essential oil is considered hot 
and dry and is used as a stiauilating liniment It is also regarded as refrigerent and 
astringent and is said to be digestive and to check billious vomittings and intestinal 
worms. 

d-Ijimonene has been found in European orange oil, sometimes to the extent 
of 90 per cent, by Wallach (2). 


ExPBRrMENTAL 

Fifty kilos of fresh peels of the genuine specimens of Nagpur oranges obtained 
from tiie local market were distilled with water in several instalments from a 20-gaHou 
copper still (tinned inside), the selection of the fruit being restrictetl to the fully ripened 
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and well-grown large variety. Even slightly under-ripe and over-ripe fruits were 
rejected. The distillate, measuring about 350 litres, was collected and the oil that 
separated at the top was skimmed oflp. T\u^ weight of the skimmed oil was 96 grams. 
The oil remaining in suspension in the aciueous distillate was extracted with petro- 
leum other and, on removal of the solvent, 404 grams of the substance were obtained. 
The skimmed oil as well as the extracted oil, after filtration and dehydration witli 
anhydrous sodium sulphate, was submitted to fractional distillation under n vaeuuin 
of 68 mm. The following fracth)ns wcre'eollected : 


Twiuk II 

Frcff tiotmtioft ofo*nnge oil. 
Quantity of oil take — 2Tj gnis. 


Fnictiini 

No. 

Boiling range (68 mrn.l 

Weight of tlu‘ 
(listillat(‘. 

Vi(‘ld 

1. 


Bolow SO'C 


lO-f) Om. 

5 

2. 


SO- loox: 


11*9 „ 

5-7 

.■J. 


100 — 114^*0 (constat 1 1 170 „ 

80-9 

4. 


114,_M0”(J 


1.3-7 .. 

6-5 

5. 


Ro.'^idiio 


3-9 

1-9 

The 

physical 

and chemical constants of 

the above immtioned fractions were 

determined and they 

are given in the following table: 





Tajjle IIJ 





( oHstfmis 

of thi' altoi') 

friK tioHs. 


Fraction 

No. 

Sp. (Jr, 
(HV(’) 

Ref. Index 
(Ih'C) 

Optical 

rotation 

(36‘0). 

S:»p 

value. 

.Acid I'^Htcr 

value. value. 

]. 

0’8150 

]-476 

+ 103-31 

21-8 

nil 21 -S 

’ 2. 

0-8209 

1-474 

+ 49-08 

69-5 

69-r) 

3. 

0-8476 

1-47.') 

+ 78-45 

nil 

„ nil 

4. 

0-8690 

1-480 

+ 102-6 

44-7 

6-22 38-5 


The physical and chemical constants of the skimmed oil were also determined 
after it was filtered and dried, and they are as foIlr>ws : 

Skimmed oil 0-8501 1*468 +85-03 89-4 0-84 88-6 

In order to free the different fractions from very small quantities of esters ac- 
companying them, all the fractions were treated with alcoholic potash and refluxed for 
about two hours. The alcohol was thoJi distilled off and tlie residual terpenes recovered 
by steam distillation. The table on p. 178 gives the physical constants of th<^ ur»sa- 
ponifiable matters obtained from the different fractions: 
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Tahlk IV 

Constants of unsaponifiabte maMers. 


J^Vac.tion 

No. 

S|> Gi-. 

Index (1.3 0. 

Optical Rotation 
(36'C). 

la. 


1-4777 

-f 73-17 

‘Ja. 

(>8li42 

l-40:{ 

4 86-63 

3a. 

0-83 

1-462 

4 63-4.5 

4a. 

0-7975 

1-457 

4 39-16 

Original oil 

0-8642 

1-4.56 

4121-59 


Emminatwn of the residue , — The residue mentioned above was extracted with 
alcohol, and from the alcoholic solution a very small quantity of a white amorphous 
substance was recovered. On examination it was found to melt sharp at 60*^0 
and was identified to be a wax. On ignition, it burnt with a luminous but non- 
smoky flame, omitting odour of burning candles. This was definitely not a stea- 
roptene nor the white ainor|)hou8 substance described by Moore in Californian 
Orange Oil. 

Examination of fraxdion No, This was refractionated under ordinary 
pressure and the following fractions were collected : 


Tablk V 


Itefraetionation of main fraetion 


Fraction 

RoilitiK ratiKC^. 

Weight of the distillate 

No, 

140-170'C 

7-1 

Gm. 

7. 

170 17.3*C 

16-8 

1) 

8. 

173— 176‘C 

143-7 


9, 

176-180'C 

2*4 


9a 

Residue 

0-1 



The various remaining fractions were ref ractionated at the ordinary pressure; 
the following tables give the results obtain«»d: 

Tabi.e VI 


liefrmtionaiion of fraction No. 6. 


Fraction 

Boiliut; 

Weight of 

No. 

range ('C). 

fraction 


(Gm.) 

10 . 

165-172 

3-5 

11. 

172-174 

2 

12. 

175 

1-2 

13. 

Residue, 



Sp. Gr. 
(1.5*0. 

Ref. Index. 
(15*01. 

Optical 

rotation. 

0-8.399 

1*432 

4100 

0-8364 

1*475 

4105 

0'8447 

1*476 

+125 


Main constituent. 


Terpenene. 

D-Linionene. 

Ditto. 
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Taulk VII 




Refractionntwn of fraetion No. 7. 


Fraction 

No. 

Boilinjr 

range. 

Weight of 
fraction. 

Sp. Gr. 

Ref. 

index. 

Optical 

rotation. 

Main constitu- 
ent. 

14. 

163—166 

2-4 

0-8469 

1-470 

. -HOO 


15, 

169—173 

4-5 

0-8420 

1-473 

■f 112-5 

Garenc 

16. 

173—174 

9 

0-8494 

1-475 

■f 100 

D-Limonene 

17. 

175-176 

0-79 

0-8171 

1-466 



18. 

Kesidne 

0-2 


1-479 

... 

*«. 


Fraction No. 8 from Table V was further fractioimted (Fraction No, 19) and 
it was found to boil almost completely within the range 175— 176"C and was identi- 
fied to be pure d-limonene (8p, Gr 0*8505, Ref. index 1 47 55 at I ST) and optical 
rotation 4* 100“ at 39*C). The tetrabroinide prepared by the ordinary method melted 
at 104— lOS’C. 


Table VIII 

Refrmtimaiioti. of frmtion No. 9. 


Fraction 

No. 

Boiling 

range. 

Weight of 
fraction. 

8p. Gr. 

Ref. 

Index. 

Optical 

rotation. 

Main constitu* 
ent. 

20. 

Below 

1-78 

0-8390 

1-476 

+ 100* 

D-Limonene 


170*C.'. 






21. 

175'C 

1-2 

0-8520 

1-476 

•flOO' 

Ditto. 

22. 

Residue 

0-05 

... 

1-481 






TABI.E IX 





Refmetionaiio}t of fraction No. 4 (5 J ram.) 


Fraction 

No. 

Boiling 

range. 

Weight of 
fraction. 

Sp. Gr. 

Ref. 

Index. 

Optical 

rotation. 

Main constitu- 
ent. 

23. 

85-100*0 

3-2 

0-8594 

1-4756 

-f 100* 

D-Limonene 

24. 

Above 

0-6 

0-9010 

1-4805 

+ 5-2 

Methyl anthra- 


lOO’C* nilate. 

Fraction No. 2a was suspected to be d-linalool, but it could not be confirmed for 
want of sufficient material. In the case of the other fractions the confirmation was 
arrived at by exclusive colour reactions and also by the preparation of derivatives 
wherever feasible. 

R4 
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One of the authors (B, K. MJ wishes to express his indebtedness to the Kanta 
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him to take part in this investigation. 
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CHEMICAL EXAMINATION OF THE FIXED OIL FROM THE 
SEEDS OF FAJPnOHBJA DRACUNCULOIDES LAM. 


By jA(iAT NaRAYAN TaYAL and SiKHllUnTHHAN Dvitt 

{^HUMIHTHY DKPABmKNT, AM.AIIAUAI) UnIVKRKITY 
(Heceivwl on Angjust 4, U) ^9) 


SUMMARY 


The fixed oil fiTim the seeds of Euphorbia dracunouloidffH lAam. was found O^havo iJie foilow- 
eomposition on analysis: 


Total fatty no ids 
Myristic acid 
Palmitic acid 
Stearic acid ... 
Arachidic acid 
Behenic acid ... 
Linolenie acid 
Linolic acid ... 

Oleic acid 

Unsa|>onifiabIe matter 


9a'4 % 
0-294 % 
7*081 ,, 
15*34 „ 
5*265 „ 
0*595 
8*59 „ 
23*488 
30*a500 „ 
1*850 


FMphorhia draefuivuloidfs Liim , known as Hindi, is a glabrous, 

nwich-branched annual herb, chiefly found in Northern India (Moradabad, Bub- 
Himalayan tracts in Rohilkhaad, North Oudh and Bundelkhund). It is culti- 
vated in the plains of the Punjab and Bengal, and southwards to Kanara and 
Ck)romondal, in Arabia and in tropical Africa. The most important part of the plant 
are the seeds which are in capsules and about one-eighth of an inch in length. They 
are of great medicinal value and appreciated as sucli in Indian villages. The oil 
expressed from the seeds is used as a liniment in cases of gout or rheumatism, and as 
an application to the eyes in case of ophthalmia In small doses it is also used 
internally for various kinds of digestive disorders. 

In view of the fact that in spite of its medicinal importance, the fixed oil has 
not been yet chemically examined, the present authors thoiight it advisable to submit 
it to a systematic chemical examination. 

The oil is present in the seeds to the extent of 15*5 per cent On complete 
analysis, it was found to be consisting of the glycerides of myristic, palmitic, stearic, 
arachidic, behenic, linoletiic, linolic, and oleic, acids. The unsapoiiifiable matter in the 
oil (to the extent of 1*86 per cent.) was found to he ordinary sitosterol. Apparently, 
the medicinal properties of the oil are due to thC' comparatively large proportion of 
the latter substanca 
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EXPERrMKNTAI. 

Two kilos of the dry and cruslied seeds were exhaustively extracted with 
benzene, and 331 grams of clear brownish-yellow oil were obtained (yields 15*5%). 
It was given a preliminary purification with animal charcoal and Fuller^s earth, 
after which its general chemical and physical properties were determined (see 
Table I). The oil is free from nitrogen or sulphur, and belongs to the class of semi- 
drying oils : 

Table I 

General ehemiml and phymml propeidies of the oif 


Solidifying point 

= I6-2°C 

Gp. Gr. (2^X)) 

= 0-9218 

Refractive index (30 C) 

= 1-4683 

Saponification value 

= 187-5 

Iodine value (Wiji) 

= 119-6 

Acetyl value 

= 33-4 

Acid value 

=8-9 

Hehner value 

= 92-4 

Reichert-Missel value 

=0-.54 

Unsapornfiablo matter 

= 1-85 % 


Two hundred and ten grams of the oil were saponified as usual with alcoholic 
caustic potash, and the soap formed after complete removal of the aIcx)hol and drying 
was extracted with ether in order to remove the unsaponifiable matter. The residue 
was then dissolved in sufficient amount of warm water and decomposed with dilute 
sulphuric acid in presence of petroleum ether (B. P. 40— 60*’C). The petroleum 
ether solutioti of free fatty acids thus obtained was washed free from traces of 
sulphuric acid by distilled water, dried and the solvent removed by distillation, 
when the mixed fatty acids were obtained as a viscous semi-solid mass. Table II 
gives the constants of the mixed fatty acids : 


TabIoE II 

Constant of the tmxeAi fatty nerds. 


Sp. Gr. «»0*9487 

Neutralisation value «=189'8 
Mean molecular weight 285*4 
Iodine value 125-8 


Refractive index (30*0) =1'4563 
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The mixed fatty acids wore then separated into saturated (solid) and unsatu- 
rated (liquid) fatty acids by TwitchelFs lead-salt-alcohol method (1, 3), and 
Table III gives the percentages, iodine values, and mean molecular weights, of the 
saturated and unsatunited fatty acids : 


Acid. 

Saturated 

Unsaturated 


Percentage in 
mixed acids. 

32*2 

67-8 


I'abt.e tit 

Pen‘entage 
in oil 

2}>*7n 
< 12-65 


Iodine value. 

3*1 

139-5 


Mean M.W. 

290-8 

280-64 


fjm^ninutioH of the nnsafurated amh , — The un saturated acids separated by the 
above method were further examined and their constituents determined by ilie method 
of Janieisou and Boughmaaii (2), by preparing their bromine addition products. 
About 5 grams of tlie^ liquid acids were dissolved in 100 cc, of dry ether and dry 
bromine gradually added at O'^C until the colour persisted. After further cooling at 
for five hours, the precipitate was removed to a tared filter paper, washed with 
chilled dry ether, dried, and weighed. The melting point of the substance was 
178^-179‘*C corresponding to that of linolenic-hexabromidc (ISTC). 

The ether soluble portion was dissolved in petroleum ether (B. P. 40"^™ (JO^'C) 
and cooled in a refrigerator, when cubical crystals of linolic-tetrabromide (M P. 
113‘C) separated out from the solution, showing thereby the presence of liaoiic 
acid, The filtrate was evaporated to dryness and the bromine contejit estimated. 
Table IV gives the results of analysis of the bromine addition products ; 


Table IV 

Bromme nddiiion prodoHs, 


Weight of acid taken for bromination 

5-013 

Weight of linolenic-hexabromide ... 

1-8777 

Percentage of linolenic acid 

... 13-7.3 

Weight of linolic-tetrabromide 

3-.300 

Weight of the residue 

5-627 

Bromine content of the residue 

.. 41-4% 

Weight of the dibromo-oleic acid in residue 

3-771 

Weight of linolic-tetrabromide in the residue ... 

1-856 

Weight of total linolic-tetrabromide 

5-156 

Linolio acid equivalent to the tetrabromide 

1-870 (37-6%). 

Oleic acid equivalent to the dibromide 

2406 (48-7%). 
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The proportions of linolenic, linolic, and oleic acids were also determined from 
the iodine value of the liquid fatty acids^ and the proportions calculated in this 
way were found to be almost identical with the proportions determined from the 
bromine addition products 

Exannnaiiov of the migrated fatly aodh , — The saturated fatty acids obtained 
by the lead-salt-alcohol method were freed from traces of liquid fatty acids by pres- 
sing on a porous plate. The acids thus obtained were almost colourless and melted 
between 5t>‘' and ()0*C, For the purpose of separation, the mixed acids were convert- 
ed into their methyl esters by dissolving in methyl alcohol and passing hydrogen 
chloride to saturation The esterification was completed by refluxing on the water 
bath for about 18 hours. The methyl esters formed were neutralized with sodium 
bicarbonate, washed with distilled water, and extracted with ether. After drying 
and removal of the solvent, the mixed methyl esters were fnictionated under reduced 
pressure. The iodine and the saponification values of each fraction were deter- 
mined and the mean molecular weight calculated. Table V gives the results 
obtained : 


Tablk V 


Fmetiomtion of ih\ methyl estem of the sniurated tatty aeidn. 


’nictioM 

No. 

Boiling range 
(4*5 mm.) 

Quantity 
(kit) ) 

I. 

Mean 
M. W. 

Sap V. 

Unsatui-ated 
acid (%) 

1. 

140'-14fV 

3'12 

0-85 

253-4 

221-4 

0-64 

2. 

147 -149’ 

4-53 

1-12 

267-5 

209-7 

0-84 

:i 

l.'5r-153° 

.5-18 

1-32 

273-1 

205-4 

0-99 

4. 

15i>’— 1.'>9* 

2-94 

1-45 

277-8 

201-9 

1-09 

5. 

162°-l(>.'i' 

3-47 

1-89 

282-3 

198-7 

1-42 

(i. 

108°-.171’ 

3-87 

2-14 

285 5 

197-1 

1-61 

7. 

175 —180* 

4-13 

3-46 

289 9 

193-5 

2-69 

8. 

, 183'- 185* 

2-57 

4-51 

294-6 

190-4 

3-38 

9. 

185’-] 92* 

3-41 

8-92 

308-7 

181-7 

6-71 

10. 

192—19.5* 

2-18 

8-95 

814-6 

178-3 

6-74 

11. 

Residue above 
195* 

1'76 

11*4 

315-6 

178-1 

8-69 

Total percentage of unaaturated fatty acids <=: 

2*61. 
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Tabu? VI 

Proportion of fatty add in enters 


o 


■S d 

M..W. 
of acids. 

Myristic 

acid. 

Palmitic 

acid. 

Stearic 

acid. 

Arachidic 

acid 

Behenic 

acid. 



(Gm) (%) 

(Gm.) l/f) 

(Gm.) (%) 

(Gm.) (%) 

iGrn.) (%) 

1. 

253-41 

0-2H4 9-1 

2-836 91-‘) 

... 



2. 

267-8 


2-655 59-6 

1-875 41-4 


... 

3. 

273-0 


2 030 39-2 

.3-150 60-8 




4. 

277-8 

.. 

9-642 22*2 

2-298 77-8 

... *«• 

... 

5. 

280-3 

.. 

0-333 9-6 

3-137 90-4 

... 


6. 

28.0-57 

... ... 


2-641 94-4 

0-216 5-6 

• 

7. 

290-1 

MM • • • 


3-230 78-2 

0-900 21-8 

*•* 

8. 

295-1 



1-.052 60-4 

1-018 39-6 

* • • * • • 

». 

807-4 

. . 

• • • • • t 

0-.523 17-4 

0 289 82-6 


10. 

813-7 

... 

••• 


2-047 93-9 

0-139 6-1 

11. 

318-7 

• •• 




1-331 76-1 

0-419 23-9 




Tabdk VII 



Acid. 

Percentage 
in saturated 
acids. 

Percentage 
in nnsatii- 
rated acids. 

Percentage 
in total 
acids. 

Percentage 
in crude 
oil. 

Percentage 
in puriBed 
oil. 

Myristic 

0-99 


.« 

0-294 

0-318 

Palmitic 

23-8 

... 

... 

7-081 

7*666 

Stearic 


52-6 

... 

... 

16-349 

16-939 

Arachidic 

17-7 

.. 


5-265 

5*699 

Behenic 

2-00 

... 


0-596 

0*644 

Linolenic 

*• * 

13-73 

9-30 

8-.59 

8*680 

Linolic 


. , 

37-5 

25-42 

23-488 

23*819 

Oleic 



48-70 

33-01 

30-50 

.30*865 

Unsapofdfiabk matte9\'—‘ 

The ungiaponifiable matter 

extracted 

as described 


above wm crystallized fiom alcohol in colourless plates melting at 135'’C, and was 
found to be identical with ordinary sitosterol. 
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One of the authors (J. N.T ) wishes to express his indebtedness to the Kanta 
Prasad Research Trust of the Allahabad University for a scholarship that enabled 
him to participate in this investigation. 
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ESSENTIAL OIL FROM THE SEEDS OF ZANTHOXYLUM 

ALATUM ROXB 

Bv Jaghaj Bkhahi Lai, Jaoat Nakavan Tayaj- and SiKniBHirsHAN Durr 

(Keceivod on Au^owt 4, 19H9) 

SUMMARY 

The eeaential oil of Zanthoxylum alaium Roxb. has been obtained by steam distillation of th(‘ 
powdered fruits in an yield of 2 7 per eont. Further inveHtigution of the oil throned) rectifications 
and frsetionations resolved it mainly into dijxjntene (39*2%) and linalool (42'4'% ), top:eiher with 
Rinallcr proportions of sabinene, citral, citronellal and p^emniol. The presence of citronel Ud is also 
assumed in the fraction eontuiniiifi: geraniol. 

Zmithojyluirf alahint Roxb, known in Sanskrit and Hindi as Tfjhal, and in 
Bengali as Nepali Dhnnin, is a shrub belonging to the Natural Order of Rutaceae. 
It is a common plant in the temperate regions of the Himalayas, e.g.^ the Kumaun 
hills, Nepal and Bhutan, the Darjeeling district, and also in the submontane 
regions of the Himalayas, e.g , the Terais and also Monghyr and Mozaffarpur 
districts. It also grows abundantly in Garo, Khasiu and Manipur hills in Assam. 
The fruits are generally collected at the end of autumn, and the dried product is a 
commercial commodity in most of the bazars of Northern India, being extensively 
used in the indigeno\is systems of medicine as an aromatic and tonic in fever, 
dyspepsia and cholera. The fruits are also used as a remedy for tooth-ache and 
as a stomachic and carminative, 

According to Kirtikar and Basu the carpels of the fruits are reputed to 
yield an essential oil isomeric with turpentine and which is like eucalyptus oil in odour 
and properties. The oil is said to possess antiseptic, disinfectant and deodorant pro- 
perties. But the oil does not appear to have been chemically investigated at any 
time in India. It is of interest to note in this connection that some European 
authors have published works under the heading of the essential oil of Zanthoxylum 
nMum which certainly could not have been derived from an authentic specimen 
of that material, and some of which, on later investigation, have been proved to be 
derived from an altogether different source. Thus, Messrs Schimmel & Co, (9) 
obtained from the carpels of certain specimens of seeds that they obtained 
in a London Market as those of Zanthooaylum alaium, 3*7 per cent, of an oil which 
had a lemon yellow colour and a peculiar smell reminding that of water fennel. Upon 
continued distillation an additional 0*9 per cent of a crystalline substance was 
oto which on further investigflitiQii by Semmler and Schlossberger (10), was 
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found to be tlie dimethyl ether of phloracetophenone. The main oil also, according 
to later workers, contains a hydrocarbon named Zanthoxylene and Cumio 
aldehyde. The speciinen of Znnfkoxyhim alatum with which the present workers 
have carried out their investigation and which has been definitely identified as such 
in the Botany Department of the Allahabad University, contains none of the con- 
stituents mentioned above. It contained, on the other hand, constituents like linalool, 
dipentene, citral, and sabinene, which had never been detected before in any specimen 
of ^fanthoxylum oil. 

Work on other varieties of Zanthoxylmn has been done before, and the essen- 
tial oil from the carpels examined by a number of chemical investigators. Thus 
the essential oil from Zanthoxylum Bvdning Wall (12) has been investigated by 
8imorjsen and Ran, and that from Zfmthoxylum ovalifoliinn by Siinonsen (11). The 
essential oil from the fruits of Ziinikoxylum piperitum I) C., generally known as 
Blper Japonivay has been investigated by Messrs Bchimmel & Co. (8) and also by 
Stenhouse (18). The essential oil of ZantkoxyUun Haniilionimn Wall has been 
investigated by Helbing (3^ that of Zanthoxyhan Ckhroxyhmi D. C. by Leprince (G), 
of ZanthoxAjlum Auhstia D. C and of Zanthoxyltnn p(XhvltiaHum Engl, by, 
Gildmeister (2). The essential oil from Zanthoxylum lihapm I) C was investigated 
by Sanjiva Rao, Sudborough and Watson (7) and was found to consist of 90 per 
cent, of sabinene. 

The seeds of Zanthoxylum alatum^ on steam distillation, yield about 2*7 per 
cent, of a clear pale yellow essential oil, with a pleasant and persistent aromatic 
odour characteristic of the drug with a distant resemblance to linaloe oil. On 
exhaustive fractionation under reduced and also ordinary pressure, the oil was 
resolved into a number of constituents, amongst which the following wore definitely 
identified: dipentene, sabinene, linalool, citronellal and citral. In addition to these, 
the presence of geraniol and citronellol has been tentatively shown. 


Experiaientaj. 

Preparation of the essential oil of Zanthoxylum Kilos of 

a good and authentic sample of the seeds of Zanttu)xytum atxiUim was obtained 
from the local market, and the coarsely ground material in lots of 2 to 
kilos at a time was distilled with water from a large distilling apparatus 
made of copper and fitted with a copper v^orm condenser. The distillation 
was continued till the distillate, which was opalescent in the beginning and 
contained droplets of oil* began to run perfectly clear. The distillate was 
shaken with light petroleum ether (B. P. 30-^60^0) in a large separator and tb€i 
upper petroleum ether layer after dehydration with anhydrous sodium sulphate 
was distilled from a water bath till the petrolwm ether no longer came over, TShe 
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residual essential oil was kept in the vacuum desiccator for 24 hours in order to 
dry it completely and also to free it from traces of the solvent The residual 
essential oil thus obbiined is a clear light yellow oil with a pleasant and persistent 
aromatic odour characteristic of the drug and reminding one of linaloc oil. It 
has an astringent tfiste and a bitter after-taste- It gives no coloration with 
alcoholic ferric chloride and does not reduce Fehling^s solution or ammoiiical 
silver-nitrate. Estimation of pheriol in the oil showed the abseime of such bodies in 
the substance. The following physical and chemical constants of the oil were 
determined : 


Specific gravity at 23“ C 

Table T 

==0-9327 

Refractive index at 2(rC 

= b4t)7 

Acid value 

= 6-57 

Saponification value 

= 12-12 

Ester value 

= 5-5f) 

Ester value after acetylation 

= 166-8 


RecUfication of the esserdml oiL — 150 c.c. of the essential oil was fractionally 
distilled under reduced pressure (5 mm.) using a distilling flask of 250 cc. 
capacity with a rectifying neck of four bulbs blown below the delivery tube. The 
following fractions were collected : 


Table II 


Fraction No. 

Boilini; range. 

Value of the distillate. 

1 

.80-35“ 

11 c. c. 

2 

35 -SO- 

6 c. c. 

8 

SO -7. 5' 

3 c. c. 

4 

CO 

36 c. c. 

f> 

85-90' 

38 c. c. 

6 

90-9.5' 

23 c. c. 

7 

95-10.5* 

18 c. c. 

8 

105-130' 

8 c, c 

9 . 

Residue 

6 c. c. 


Experimental loss 

6 c. c. 


Total 

1 

p 

p 


t'rmtion J.— This, on redistillation at the ordinary pressure, boiled completely 
between 85*'*— 00*G, and was nothing but the tail fraction of petroleum ether. 
Chemically it was perfectly inert and, on keeping in a corked flask, almost 
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completely evaporated. From the boiling range of the fraction it is quite possible 
that it might contain some diacetyh a substance which has been frequently found in 
essential oils, but this could not be definitely ascertained for want of sufficient 
material . 

Fraction 2 , — This was rc-distilled at the ordinary pressure, when it was resolved 
into the following sub-fractions with the composition given below: 


No. 

Boilind range. 

Table III 

Quantity. 

Composition 

Correct B. P. 

1 

i6-.-i7(rc. 

4 c. c. 

(main). 

Sabinene 

los-ie.-i” 

») 

170 - 178°G 

2 c. c. 

Dipentene- 



GS-lSf 

1 c. 0 . 

Sabinene 

mixture, 

Dipentene 

179- ISO” 

Fraction 

3. — This was resolved into three 

fractions as given 

in the following 

table : 

No. 

Boiling range. 

Table IV 

Quantity. 

Composition 

Correct B. P. 

1 

165-176° 

1 c. c. 

(main). 

Sabinene-dipen- 


2 

178-181° 

1*5 0. 0. 

tene mixture 
Dipentene 

179-180' 

3 

Fraction 

Besidue 

This was 

1*5 c. c. 

resolved into four fractions as given in the table 

below : 

No. 

Boiling range. 

Table V 
Quantity 

Composition 

Correct B. P. 

1 

180-182° 

20 c. c. 

(main). 

Dipentene 

179-180' 

2 

182 -18«* 

6 c. c. 

Dipentene 

179-180° 

3 

186-194' 

4 c. c. 

(mainly.) 

Unidentified 


4 

Besidue 

6 c. c 




Fmetiom I and 2 together, on redistillation, were resolved into pure dipentene 
boiling between 179--‘182''C and were definitely identified by preparation of the 
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tetrabromido by tho action of bromine on the substance dissolved in (jlacial acetic acid 
to which n small qtinntity of water had been added. 

0 -This together with residues of fractions 3 and 4, on refraction- 
ation, wavS resolved into the constituents given below: 


Taht.k VI 


No, Boiling range. 

Quantity. 

Composition 

(main). 

Correct B. P. 

1 184-188' 

7 c. c. 

Mainly di pen to tie 

179-181° 

2 191) -195' 

8 c. c 

Dipentene-linalool 

mixture. 


3 195-199* 

4 Residue 

12 c. c 

4 c c. 

Linalool 

198“ 

The linalool was definitely 
derivative, M. P. G3 — 04*. 

identified 

by formation of the pheny urethane 

FrarMonH H and 7. — These 

were combined together and, on 

refractionation, 


were resolved into the components given below : 


Taule VII 


No, 

Boiling range. 

Quantity. 

Composition 

(main). 

Correct B. P. 

1 

19.^-199° 

16 c c. 

Linalool 

197-199° 

2 

200-204“ 

2 c. c. 

Linalool-citro- 
nellal mixture 


3 

4 

204 - 208° 
220-234“ 

7 c. c, 

9 c c 

Citronellal 

205-200“ 

The 
obtained : 

above No, (4) fraction was refractioiiated when the 

Table VIII 

following were 

No 

Boiling range 

Quantity. 

Composition 

(main). 

Correct B. P. 

1 

202-210“ 

Citronellal 

4 c. c 

20.5-206' 

2 

216-240* 

Mainly geraniol 

3 c c 

230“ 

8 

Residue 


2 c. c. 



The citronellal in the above fractions was identified by formation of the 
semicarbazone. 

Fractim 8.-^This, on redistillation at the ordinary pressure, boiled almost 
completely between 220'’ and 232‘’C, and was found to be a mixture of citral 
(fi. R 228*) and gernniol (B. P. 229-230*) together with perhaps small quantities of 
citronellal (B. R 222'’C). Citml (37%) was estimated in the original essential oil by 
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rneaus of N/2 hydroxylamine hydrochloride aad titmting the hydrochloric acid 
generated by N/2 alcoholic potassium hydroxide, using methyl-orange as indicator in 
accordance with the method described by the essential oil sub-comtnittee It was 
also definitely identified by formation of the semicarbazone. 

As regards geraniol in the mixture no deHnite derivative could be prepared, 
but the characteristic smell of geraniol was quite marked which, on keeping exposed 
for some time, changed note from rose to lemon, thereby showing that it was 
converted into citral by oxidation. As citronellal has an odour almost identical 
with that of geraniol and it is also almost always associated with geraniol in natural 
perfumes^ it is quite reasonable to assume the presence of citronellal in the above 
mixture containing geraniol. 

The residue, — This was a brown viscous mass which deposited a small quan- 
tity of fine needles on standing for some time, but the quantity was too small for 
chemical examination. The residual syrup was foiuid to be free from the esters of 
benzoic or cinnamic acids frequently found in essential oils, since on hydrolysis with 
potassium hydroxide, acidification and steam distillation, no benzoic or cinnamic 
acids came over in the distillate. The viscous mass had an acid value of, 146*5 and 
gave a liquid bromoderivative containing 27*5 per cent of bromine. From its 
general properties it appeared to be a mixture of resins, lauric and oleic acids, so often 
found in nnrectified essential oils, and it is due to the presence of these acids in 
partly free and partly esterified state, that the crude essential oil of zanthoxylum 
alatum has acid and ester values The substance was found to be free from linolic 
or linolenic acids by following the well-known bromine addition method of Jamieson 
and Baughmann (4). 

One of the authors (J N. T.) wishes to express his grateful thanks to the 
Kanta Prasad Research Trust of the Allahabad University for a Scholarship that 
enabled him tb take part in the investigation. 
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^ INFLUENCE OP CONCENTRATION ON CHEMICAL 

REACTIVITY AND LIGHT ABSORPTION 

By a. K Bhattacharva and S. P. Aoarwal 

OhRMISTRY DrPARTMBNT, UmVKRSITY OK AM.AtlAfUl) 

tRe(^6ive<l an May 15, 1939) 

SUMMARY 

We have inveatij^ted the influence of the concentration of reducing agents on the light 
absorption and chemical reactivity with the ronctions between (lioxalip acid and chlorine, and 
acetone and aqueous iodine, and liave found that both the chemical reactivity and increased light 
absorption by the mixture diminish with the decreasi^ ui the concentration of the reducing agent 

We have also investigated the effect of the variation of the concentration of hydrochloric 
acid -a catalyst - on the light absorption by the mixture of acetone^ hydrotdildric a<ud and iodine? and 
have found that the increase in the light absorption by the mixture diminishes from 7)3 A' when 
12N. liCl is used to 3?4 A* when 0*17N. HGJ is used. This result has establislicd our th(X>ry 
regarding the influence of concentration on chemical reactivity and light absorption discussed in 
this paper. 

With the advent of the modern spectroscopic researchf?s much progress htis 
been made on absorption and emission spectra of atoms and molecules and a new 
line of argument is now being given for the primary and secondary photochemical 
reactions The primary eflPect of absorption in the case of continuous spectrum 
in a gas is always a dissociation ireto atoms or radicals, and in nonrly all 
photochemical discussions, this atomic mechanism of reactioii chains has been 
obviously preferred to the energetic, in which the chains are propagated by excited 
or, in other words, strongly vibrated molecules Victor Henri (8) has shown that 
the absorption spectra of a number of molecailes pass from a fine structure to a 
blurred one consisting of diflPerent bands. The condition of the uiolecule in which 
the bauds are diffused has been called the predissociation stage, and in generalizing 
the results in the diffuse regions, he has stated that the molecules become chemically 
active in this r^lon. 

It appears, therefore, that an increase in the chemical reactivity by increase 
of temperature is associated with an increased light absorption. Dhar and Bhatta- 
charya (7 ) made an advance on this probleha by showing that, besides temperature 
—a physical agent—, a chemical reagent capable of making a molecule chemically 
reactive, also shows an increase in light absorption, 

We have now taken up this problem in order to find out if the concentration 
of the chemical reagent, which makes the molecules of the other reacting component 
more reactive, has any effect on the light absorption. 
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In this communication we are submitting the results obtained with the 
reactions between (1 ) oxalic acid and chlorine, and (2) acetone and iodine. 

(P Oxalw acid and chlorine.— -The reaction between oxalic acid and chlorine 
was first investigated by Bhattacharya and Dhar (2) who determined its kinetics 
and the order in the dark as well as in the visible and infra-red radiations This reac- 
tion is extremely rapid in the dark, but it has a measurable velocity in the presence 
of hydrochloric acid. The eifect of the addition of hydrochloric acid seems merely 
to be the depression of the oxalate ion concentration, the latter alone probably 
reacting with chlorine. 


Pl.ATK I 



1. Copp<irnrc. 

2. N/;f)01a 4* Water 

3. (N/5 + 17 N, HClf -f Wat^er 

4. N/5 + 1 7 N. HOI + N/75 OU 

5. (N/10 HvO^O,, + \ 7 y. HCl) -f Water 

6. N/IO H,C,0, 4- 17 N. HCl + N/75 Cl, 

7. (N/lOO 4 17 N. HOI) + Water 

a N/lOO 4“ 1 7 N. HOI + N/76 01^ 




INPLTTENCE OF CONCENTRATION ON CHEMICAL REACTIVITY 


195 


In order to study the effect of the concentration of oxalic acid on the increase in 
the li^ht absorption by a mixture of oxalic acid and chlorine, we took the photofjraphs 
using: the Esj typo quartz spectroKraph witli copper arc as source of lijrht We 
determined also the velocity constant with each concentration of oxalic acid used. 
To see if any appreciable amount of reaction had taken place during the period of 
exposure, we performed the following experiment: The reactants were mixed in 
the quartz cell as for the absorption experiment and 5 e. c. of the mixture was added 
at once to potassium iodide solution, and the liberated iodine was titrated with 
standard hypo solution. The mixture was again prepared in the cell exposed to the 
arc (as for taking the absorption photographs) for 15 seconds, and 5 c.c. of the 
mixture was again titrated. There was no difference in the two titer values, which 
shows that no measurable reaction had taken place during the time the plate was 
exposed. 

The following photograph and table show the variation of light absorption 
with the concentration of oxalic acid and also of the corresponding variation in the 
velocity of the reaction in the dark. It will be seen that the rate of the reaction 
goes hand in hand with the light absorption as we vary the concentration of oxalic 
acid. 


Tabijb I 


Constituents of the mixture. 

Increase in the 

Rnte of react 

Concentration of 

Concentration of 

light absorption by 

in tlic (lark 

Cl, and HCl 

H.C.G, 

the mixture. 


N/7f) Cl • 17 N HCl + N/f) H,C,04 

— 


20 c c. + 10 C.C. 

+ 10 c c. 

824 a : 

0*00953 

Ditto 

+ N/10H.,C,O* 

264 A’ 

000672 


lOco. 



Ditto 

t N/100H,C,O« 

110 A" 

NeKligible. 


10 C.C. 

As it has already been mentioned, hydrochloric acid acts as a retarder 
of the reaction between oxalic, acid and chlorine. To study the effect 
of the variation of the concentration of hydrochloric acid on the absorption 
Bpectrum of oxalic acid, we took the photographs (see Plate II). The photographs 
ren^eal that Uie light absorption by oxalic acid which is due to the oxalate ions 
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decreases on the addition of hydrochloric acid to oxalic acid and that this decrease 
in light absorption varies with the concentration of hydrochloric acid. 




Platk II 

1 , 



2. 

l |!||l 

f 

3 . 

\W 

^ 1 

4. 

\ tN i: . 

'i 

5. 

5 f ■ V' ? 

" i:' 


C. 

1 

H: 

7. 



a 


'■ ■ 4 



1. Copper arc, 

2. N/5 Water 

3. 12 0 N. HCI + Water 


4. 120N. Ha + N/6H,C,0, 

5. 60 N. HOI + Water 

6. 60N. HOi + N/5 H,C.O« 

7. N/5 tt HOI + Water 

a N/5-9 Ha + N/6 H.O.O. 

(2) Acetone and iodine , — It was shown by Dawson and his pupils (4) that 
iodine acts slowly on an aqueous solution of acetone, that the reaction is cata- 
lytically accelerated by hydrogen ions, and that the acceleration depends on hydrogen 
ion concentration. Dhar (6) showed that the reaction was accelerated to a very 
marked extent by light. 

Bhattacharya and Dhar (1) investigated the photochemical reaction in the 
visible and infra-red radiations, and later ^3) they found that a mixture of acetone 
and aqueous solution of iodine showed a greater light absorption than either acetone 
or iodine, taken separately. 

We have studied the effect of the concentration of acetone on the absorption 
spectra and the velocity of the reaction between acetone and an aqueous solution of 
iodine in the presence of hydrochloric acid. The Plate III shows the effect of the 
variation of concentration of acetone on tite light absorption of tiie miatnre. 7he 
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titer values showed that no chemical change had taken place during the period of 
exposure. 

Plate III 



1, Cu ai'c. 

2 . N/340 I, + Water 

U, (I /, acetone + 1-7 N. HCl) + Water 

4. (1V» acetone + 17 N. HOI) + N/340 1. 

5. (0’57o acetone + 1-7 N. HCl) + Water 

6. (0‘57. acetotie + 1 7 N. HCl) + N/340 1, 

7. (O r/. acetone + 1-7 N. HCl) + Water 

8. (017. acetone + 1-7 N, HCl) + N/340 I, 

The following table shows the variation of the absorption increase and the 
velocity of the dark reaction with the change in the concentration of acetone. The 
results confirm the view that, with the variation of the concentration of the reducing 
agent, both the rate of reaction and light absorption are equally afifected. 



Table II 


Oonfltitaentfi of the mixture. 

Increase in the light 

Rato of reactic 

Concentration of 

Concentration of 

absorption by the 

in the dark. 

I, and HCl. 

acetone. 

mixture. 


N/340I, +t>7NHCl. 

•¥ 1 % acetone 

508 A° 

Ki 

10 0. 0 . + 6 c, c. 

+ 6 c.c. 

(excluding par- 

002815 



tial absorption) 


Ditto 

0-5 % o.c. 

608 A' 

0-01356 

"Ditto 

0-l%c.c. 

Nil 

0-003265 
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DrscuseroN 

From the photographs, it is evident that complete absorption by the reacting 
mixtures begins from a longer wave-length than that by the reacting compo- 
nents, and that the increase in the concentration of the reducing agent leads to 
more light absorption by the mixture The ; photographs reveal also the fact 
that with a very dilute solution of the reducing agent, the mixture does not show any 
enhanced absorption, and that at these concentrations, the velocity of the chemical 
reactions also is almost negligible as shown in the Tables I and II Hence, we are 
of opinion that enhanced light absorption by the mixture goes hand in hand with the 
chemical reactivity. It may, therefore, be argued that the reactivity of the mixture 
is preceded by the formation of an additive product with the weakening of the 
binding forces and increased light absorption It has been postulated that in the 
photochemical reactions involving the halogens the primary change is the 
atomisation of the halogen molecules, but the foregoing results show that the first 
stage is the formation of an additive compound, perhaps of an unstable nature and 
having an increased light absorption, and this leads to the weakening of the binding 
forces of the halogen moleoulesu 

Li this connection it would be of interest to note the effect of a catalyst on the 
absorption spectrum of a reaction. 

It has been shown by Dawson and others that the reaction between acetone 
and iodine is catalysed by hydrogen ions. The effect of the catalyst is only to 
increase the velocity of enolisation of acetone, which takes place according to 
the following scheme: 

11 i 

O OH 

This increase in the velocity is directly proportional to the concentration of 
hydrogen ions. This led us to think that in view of the fact that the increase in 
the chemical reactivity of a substance is followed by a marked increase in its absorp- 
tion spectrum, this absorption increase, being directly dependent on the velocity of the 
reaction, should vary with the variation in the concentration of hydrogen ions. We 
photographed, therefore, the absorption spectra of the mixture of acetone and iodine 
using a wide range of the concentration of hydrochloric acid, from 12’0N to 
()17N. The results are recorded on Plate IV. The spectra show a regular dcfcrease 
in the absorption as the conoenttation of hydrochloric acid decreases. The absorpdon 
spectra with 12-ON. HCl and (rON HCl seem to be very similar (though there does 
exist a very minute difference between the two) which is probably because 
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hydrochloric acid which is merely pure saturated solution of HCl has very small 
ionic activity. 


PlJlTE IV 


K 

2 . 

4 . 

5. 

6 

7. 

8 
9 

10 . 

n. 

13 . 

IH. 

14 

1. Copper arc, 

2. N/340 I, -f Water 

3. (120 N. HCI -f 17a acetone) 4- Water 

4. (120 N. HCl + 17. acetone) -f N/340 I, 

6. (6 0 N. HCl + 17o acetone) -f Water. 

6. (6-0 N. Ha -f IV* acetone) + N/340 1, 

7. (30 N. HCl 4- 17. acetone) 4 Water 

8. (30 N. Ha 4 17* acetone) 4 N/340 I, 

9. (1-7 N. HOI 4 r/o acetone) 4 Water 

10. il 7 N, HCl 4* r/. acetone) 4 N/340 I, 

U. (085 N. HCl 4 17. acetone) 4 Water 

12. <085 N. HOI 4 IV. acetone) 4 N/340 I, 

13. (017 N. HCl 4 1V« ac3tono) 4 Water 

14. (0 17 N. HCl 4 IV. acetone) 4 N/340 I, 

These results thus lend a very etrong: and unmistakable evidence in support 
of our view that the increase in the light absorption is the direct result of the 
increased chemical reactivity of the molecules 

In conclusion/ we should like to emphasize that our experimental results and 
photographs, with difierent concentrations of the reducing as well as catalysing 
agents, have established the fact that increased chemical reactivity of molecules is 
always accompanied by increased light absorption, and with the fall in chemical 
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reactivity due to lower concentration of the reducing or catalysing agent, the light 
absorption by the mixture also decreases. 

Further work in this connection is in progress in these laboratories. 
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KiNprrrcs of srx)w coagulation of sols 

BY ELECI’UOLYTKS 
Bv B. Chakuavauti and S. Ghosh 

OhKMIHTRV DtiPARTMKNT, AI.LAK AU/VI) Un'JVBRHITV 

m 

(Receixed on June 14, HK14} 

HUMMARY 

fn this paper the kinetics of slow ion of the positively charjfed sols of ferric phos- 

phate and ferric hydroxide tKrei'ke’s method i of flifTennit dei^rees of puritioH ami concentrations by 
i)Oth monovrtJent and bivalent anions have Im'Oji in vi^ti^atod. fn the case of imjmre sols of ferric 
phosphate the rate of alow coagulation with potiwaiurn aiiljihate has h K-Hha])od character, whieli has 
a tendency to vanish with inert*asin^ purity of the sol Wilh)>otasBiumchloridcthecoaKulation- 
time curve ia asymptotic for an impure sol which gradually bcconK^a B-shaped tor pure sola. If 
the concentrations of either potaasi inn chloride or potassium sulphate are inereased, the coagulation 
becomes rapid and the coagulation -time curve has a tendency to become asymptotic. In the case of 
ferric hydroxide-sola obtained by Rrecke^s method the a>iigiilation-timc curve for all puritioa and 
concentrations of the sols is of asymptotic nature. These results arc in conformity with the conclu- 
sions of Ghosh on the nature of slow coagulation which has l)eoji described as the contribution of 
two speeds (1) velocity of charge neutralisation and (2) that of the aggregation of the subsequently 
discharged particles. 

In a previous publication, Ghosh (3) has critically summarized all the results 
obtained on the process of slow coagulation of diflFereut sols by electrolytes. It has 
been reported there on theoretical considerations that the character of slow 
coagulation of a sol by an electrolyte is greatly dependent on the nature (lyophile or 
lyophobe^ of tlie sol coagulated. It is well-known that a sol of ferric phosjdmto has 
a high viscosity, yields a gel on continued dialysis, and produces either a gel or a 
gelatinous precipitate on coagulation with electrolytes. On the other hand, ferric 
hydroxide sol obtained by dropping a concentrated solution of ferric chloride 
to boiling water has a viscosity very similar to that of water and yields precipitates 
on coagulation which are not gelatinous. In other words, these two sols have 
different properties as far as their viscosities and the capabilities of yielding gels are 
concerned. The following experiments were, therefore, carried out with these sols 
possessing different properties, to investigate the nature of slow coagulation. 

Experimental 

The method adopted for measuring the rate of coagulation was as follows : 
Six or more test tubes containing known amount of a sol made up to 6 c.c. 
were taken. A definite volume of electrolyte capable of producing slow coagulation 
was also made up to h o.c. in another set of six test tubes. The sol and 
the electrolytes were next mixed together and the time noted. At different intervals 

m 
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of time, one test tube after the other was taken out and centrifuged at a constant 
revolution of 2,000 per minute for two minutes. The amount of sol left uncoagulated, 
which was left in the supernatant liquid, was analysed for iron content by the usual 
method of reduction and titration with standard permanganate solution. 

Ferric pfmsphnte sol It Was prepared by the addition of sodium-di-hydrogen 
phosphate to a concentrated solution of ferric chloride and was kept for 
dialysis.* Different samples of the sol (A, B, C and D) at various ^stages of 
dialysis were taken out for investigation The results on the slow coagulation of 
this sol with potassium chloride and potassium sulphate are given below : 

Table I 



Sol A coagulated Ity 

A a *90* 

at 35“ C 




Pinal concentration 

Time in miniitea 

0 

10 

20 

30 

40 

60 

of K, SO* 

(1-0032 N. 

Amount of iron left 
as sol in milHatom 

0-072 

0-068 

0-06t) 

0-064 

0-063 

0-062 

Final concentration 

Time in minutes. 

0 

lU 

20 

30 

40 

50 

of K, SO* 

0-0040 N. 

Amount of iron left 
as sol in milHatom. 

0-072 

0-066 

0-044 

0-026 

0-020 

0-018 

Final concentration 

Time in minutes, 

0 

K 

16 

24 

32 

43-5 

of S’, SO* 

0-0048 N. 

Amount of iron left 
as sol in milHatom. 

0-072 

0014 

0-010 

0-008 

0-007 

0-006 

Pinal concentration 

Time in minutes. 

0 

10 

20 

30 

40 

50 

of K, SO* 

0-0064 N. 

Amount of iron left 
as sol in milHatom. 

0-144 

0-140 

0-186 

0-134 

0-132 

0-130 

Final concentration 

Time in minutes. 

0 

8 

16 

24 

32 

48 

of K, SO* 

0 0072 N. 

Amount of iron left 
as Boi in milHatom, 

0-144 

0-136 

0-122 

0-098 

0-064 

0-062 

Final concentration 

Time in minutes. 

0 

6 

10 

16 

20 

25 

of K, SO* 

0-0080 N 

Amount of iron left 
as sol in milHatom. 

0-114 

0189 

0-180 

0-038 

0-034 

0-038 

Final concentration 

Time in minutes. 

0 

6 

10 

15 

20 

26 

ofK, SO* 

0-0088 N. 

Amount of iron left 

0-144 

0-060 

0-034 

0-030 

0-028 

0-027 


as sol in milUatom. 


* This method employed for obtaining sols of different pmridee^ 
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Table II 

Sol B iOdgtilaiefl hy SO 4 at •15'' C. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of K, 8O4 

0-0072 N. Amount of iron left 0-044 0-044 0-043 0-043 0-043 0 043 

as sol in miliiatonf). 

Final concentration Time in minutes. 0 10 20 30 40 50 

of K, 8O4 

0-0080 N. Amount of iron left 0*044 0*041 0-043 0-042 0-038 0-022 

as sol in milliatom. 

Final concentration Time in minutes. 0 ]0 20 30 40 50 

of Kt 8O4 

0-0088 N. Amount of iron left 0-044 0-042 0-030 0-016 0-008 0-005 

as sol in milliatom. 

Final cmicentration Time in minutes. 0 S 16 24 32 40 

of K, SO4 

0-0096 N, Amount of iron left 0 0l4 0 033 0-010 0*006 0-004 0-004 

as sol in milliatom. 

Pinal .concentration Time in minutes 0 5 10 15 20 25 

of K, 8O4 

0*0104 N. Amount of iron left 0-044 0-014 0-009 0*006 0-004 0-003 

as sol in milliatom. 


Table III 

Sol C coagulaied hy SO 4 a! SifCl 


Firfal concentration 
ofKsSO, 

0-0092 N. 


Final concentration 
of K, 80* 

0-0096 N. 

Final concentration 

ofKtSO* 

0-0100 N. 

F. 7 


Time in minutes. 0 10 20 30 40 50 

Amount of iron left 0-048 0-047 0-044 0-040 0-038 0-036 

as sol in milliatom. 

Time in minutes. 0 10 20 30 40 50 

Amount of iron left 0-048 0-044 0-031 0*020 0-014 0-012 

as sol in milliatom. 

Time in minutes. 0 10 20 30 40 50 

Amount of iron left 0-048 0-036 0-020 0-012 0*010 0-009 

as sol in milliatom. 
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Pinal concentration Time in minutes 0 5 10 15 20 25 

of K, SO4 

0-0104 N. Amount of iron left 0-048 0-024 0-012 0-008 0-007 0-006 

as sol in milliatorn, 

l^lual concentration Time in miuuteH. 0 10 20 30 40 50 

of Kj 80 1 

0*0112 N. Amount of iron left 0-096 0-096 0-096 0-096 0-096 0-096 

as sol in milliatorn. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of K3 SO4 

0*0120 N. Amount of iron left 0*096 0*094 0*086 0*046 0*039 0*034 

as sol in milliatorn. 

Final concentration Time in minutes. 0 8 16 24 32 40 

of K, SO* 

0*0128 N. Amount of iron left 0*096 0*092 0*040 0*028 0*024 0*021 

as sol in milliatorn. 

Final concentration Time in tninutcs. 0 5 10 15 20 25 

of Ka SO* 

0*0136 N. Amount of iron left 0-096 0*044 0*020. 0*017 0-015 0-014 

as sol in milliatoun 


Tabt^e IV 

Sol T) coagnlated by K% SOi at 55*‘C. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of K, SO* 

O-OO-lO N. Amount of iron left 0-047 0-047 0-047 0-047 0-047 0-047 

as sot in milliatorn. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of Ka SO* 

0-0044 N. Ammmtof iron left 0-047 0-032 0-021 0*016 0-014 0-012 

as sol in milliatora 

Final concentration Time in minutes. 0 . 8 16 24 32 40 

ofK, SO* 

0-0048 N. Amount of iron left 0-047 0-028 0-014 0-008 0-000 0*005 

as sol in mijliatoa}. 
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Table V 

Sol jH coagulated by KCl at 35"^ C, 

Final co?ict;ntratiou Time in inliiutcs. 0 10 20 30 40 50 

of KCl 

0»0040 N. Anionnt of iron loft 0-044 0*043 0-042 0-041 0-040 0-040 

as sol in milliatoni. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of KCl 

0*0048 N Amount of iron left 0-044 0*043 0*040 0-030 0*028 0-020 

as sol in milliatom 

F''inal conceiitration Time in ininutes 0 8 10 20 24 32 

of KCl 

0-0050 N. Amount of iron left 0*044 0*042 0*030 0-030 0-025 0*018 

as sol in niilliatoin 

Final concentration Time in minutes. 0 8 16 24 32 40 

of KCl 

0*0072 N. Amount of iron left 0*044 0-030 0-025 0-017 0-012 0-000 

as sol in milliatom. 

Final concentration Time in minutes. 0 6 12 18 25 30 

of KCl 

0*0088 N. Amount of iron left 0*044 0*024 0-014 0*010 0*007 0*006 

as sol in milliatom. 

Final concentration Time in minutes. 0 5 10 15 20 25 

of KCl 

0*0104 N Amount of iron left 0*044 0*012 0*008 0*006 0*004 0-003 

as sol in milliatom. 


Taiuj^: VI 

Sol C emgulMed by KCl at 33’' 0 

Final concentration Time in minutes 0 10 20 30 40 50 

’ of KCl 

0*0024 N. Amount of iron left 0*048 0-048 0*047 0-048 0-044 0*038 

as sol in milliatom. 

Final concentration Time in minutes. 0 lO 20 30 40 50 

of KCi 

. 0*0032 N. Amount of iron left 0*048 0-046 0-040 0-024 0-016 0*014 

as sol in milliatom. 
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Final concentration 
of KCl 
0-004() N. 

Final concentration 
of KCl 
0-(K)84 N. 

Final concentration 
of KCl 
0-003-J N. 

Final (ioncentration 
of KCl 
0-0040 N. 

Final concentration 
of KCl 
0-0048 N. 

Final concentration 
of KCl 
0-0064 N. 

Final concentration 
of KCl 
0-0080 N. 


Time in minutes. 0 8 16 24 32 40 

Amount of iron left 0-048 0-038 0-018 0-010 0-008 0-007 

as sol in milliatom. 

Time in minutes. 0 5 10 l.o 20 25 

Amount of iron left 0-048 0-024 0-014 0-0 10 0-007 O-OOo 

as sol in milliatom. 

Time in minutes. 0 10 20 30 40 .50 

Amount of iron left 0-006 0 0{)6 0-006 0-096 0-096 0-096 

as sol in milliatom. 

Time in minutes 0 10 20 30 40 50 


Amount of iron left 0 0o6 0-096 0-005 0-004 0-090 0-078 
as sol in milliatom. 

Time in minutes. 0 10 20 30 40 50 

Amount of iron left 0-096 0-095 0-094 0-085 0-060 0-038 
as sol in milliatom. 

Time in minutes, 0 10 20 30 40 60 


Amount of iron left 0-096 0-094 0-030 0-022 0-017 0-014 
ns sol in milliatom. 

Time in minutes. 0 6 12 18 24 30 


Amount of iron left 0-096 0-028 0-014 0-012 0-011 0-010 
as sol in milliatom. 


Tabtj5 VII 

Sol D coagulated ley KCl at 35'^ C. 

Final concentration Time in minutes. 0 tO 20 30 40 50 

of KCl 

0-0024 N. Amount of iron left 0-047 0-047 0-047 0-047 0-047 0-047 

as sol in milliatom. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of KCl 

0-0082 K. Amount of iron left 0-047 0-047 0-046 0-026 0-022 0-018 

as sol in milliatom. 
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Final concentration Time in mirmtea. 0 6 12 18 30 40 

ofKCl 

00048 N Amount of iron left 0-047 0-046 0-016 0*008 0-006 0-005 

as sol in milliatom 

Final concentration Time in minutes. 0 5 10 15 20 30 

ofKCl 

0 0056 N. Amount of iron left 0-047 0-020 0-008 0-006 0-005 0-003 

as sol in milliatom 

Final concentration Time in minutes. 0 10 20 30 40 50 

of KCl 

0-0048 N. Amount of iron left 0-094 O-OtM 0*093 0-092 0-090 0-080 

as sol in milliatom. 

Final concentration Time in minutes. 0 10 20 30 40 50 

of KCl 

0 0056 N. Amount of iron left 0-094 0-094 0-090 0-060 0 044 0-034 

as sol in milliatom. 

Final concentration Time in minutes. 0 5 10 20 30 40 

of KCl 

0-0072 N. Amount of iron left 0-094 0-093 0-060 0-032 0*020 0-017 

as sol in milliatom. 

Final concentration Time in minutes. 0 6 12 18 25 35 

of KCl 

0-0080 N. Amount of iron left 0-094 0-056 0-032 0-022 0*018 0-015 

as sol in milliatom. 

Feme hydroxides sol : This sol was obtained by the Krecke^s method and the 

results on its slow coagulation by both monovalent and bivalent anions at different 

stages of dialysis (sols 1, 2 and 3) are given below : 

Table VIII 

Sol I magulated by KtSOi at 35'' C\ 

Final concentration Time in minutes. U 10 20 30 40 50 

of K,S 04 

0-0088 N. Amount of iron left 0-064 0-059 0-056 0-055 0-054 0*055 

as sol in milliatom. 

Final concentration Time in minutes. 0 5 10 20 30 40 

of K,80i 

0-0092 K. Amount of iron left 0-064 0-050 0-044 0-038 0-036 0*035 

as sol in milliatom. 
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Final concentration Time in minutes, 0 6 10 20 30 ^ 

of K ,804 

0-0096 N. Amount of iron left 0-064 0-028 0-025 0-024 0-028 0-022 

as sol in milliatom. 

Tajjij! IX 

Sol 2 congnlnted hy K^SOi at 35° C. 

Final concentration Time in minutes. 0 15 30 45 50 60 

of K ,804 

0-0064 N Amount of iron left 0-094 0-092 0-090 0-089 0-088 0-088 

as sol in milliatom. 

Pinal concentration Time in minutes. 0 6 12 18 24 35 

of K ,804 

0-0068 N. Amount of iron left 0-0})4 0-080 0-070 0-064 0-060 0-054 

as sol in milliatom. 

Final concentration Time in minutes. 0 5 10 15 20 30 

of KjS 04 

0-0072 N. Amount of iron left 0-094 0-068 0-050 0-040 0-034 0-026 

as sol in milliatom. 

Tabus X 

Sol 3 coagnlated hy KfSOi at 35’0. 

Final concentration Time in minutes. 0 10 20 30 40 50 

ofKjSOi 

0-0064 N. Amount of iron left 0-092 0-090 0-088 0-087 0-086 0 085 

as sol in milliatom 

Final concentration Time in minutes 0 8 15 24 32 48 

ofK,804 

0-0068 N. Amount of iron left 0-092 0 084 0-079 0-074 0-070 0-064 

as sol in milliatom. 

Final concentration Time in minutes. 0 6 12 18 24 35 

of K ,804 

0-0072 M. Amount of iron left 0-092 0-008 0-006 0-008 0-004 0-003 

as sol in milHatom. 

Tabu: XI 

Sol 2 coagulated by KCl at 85° C. 

Final concentration Time in minutes. 0 10 20 30 40 60 

of KOI 

0‘0040 N. Amount of iron left 0-094 0-690 0-086 0-082 0-080 0-078 

as sol in milliatom. 
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Final conoentratioii Time ia minutes. 0 5 10 15 25 35 

of KCI 

0-0048 N* Amount of iron 0-094 0-080 0*080 0-074 0*005 0*0')0 

HB Hol in rnilliutnin. 

Final coricentration Tirno iu miniitos. 0 0 10 15 25 40 

of KCI 

0*0056 N. Amount of iron left 0-094 0-(l50 0*039 0*030 0*022 0*016 

as sol in inilliatorn. 


Final concentration 
of KCI 
0-014 N. 

Final concentration 
of KCI 
0*016 N. 

Final concentration 
of KCI 
0*018 N. 


Taulk XII 

Sol conguffHfd hy K(1 at .7,7V ’ 

Time in minutes. 0 15 30 45 60 

Amount of iron loft (}*092 0*088 0*080 0*084 0*083 
as sol in rnilliatoin. 

Time in minutoe 0 5 10 16 24 35 

Amount of iron left 0*092 0*072 0*050 0*050 0*044 0*044 
as sol in milliatom. 

Time iti minutes. 0 5 10 15 20 30 


Amount of iron left 0*092 0*052 0*042 0*036 0*032 0*026 
as sol in milliatom. 


The oompositiona of ferric phosphate and ferric hydroxide sols are given 
below ; 


Fmin phosphate sols : — 

Sol A: 0*1400 Rram atom of iron, 0-10 »0 gram radical of phosphate and 0*2930 
gram ion of chlorine per litre. 

Sol B:--0*0880 gram atom of iron, 0*0827 gram radical of phosphate and 0*0286 
gram ion of chlorine per litre. 

gol C:— 0*0960 gram atom of iron, 0*0806 gram radical of phosphate and 0*0188 
gram ion of chlorine per litre. 

Sol D ; - 0*99 to gram atom of iron, 0*9789 gram nidical of phospluite and 0*0138 
gram ion of chlorine per litre. 

Fmrie kydfotide sots .* * 

Sol I 0*0640 gram atom of iron and 0*0155 gram ion of chlorine per litre 

Sal II ; 0*0949 gram atom of iron and 041084 gram ion of chlorine litre. 

So! Ill:— 0*0920 gram atom of iron and 0*00181 gram ion of chlorine per litre. 
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The results obtained on the slow eoagulation of ferric phosphate and ferric 
hydroxide sols by both nionovitlont and bivalent anions show that the nature of slow 
coagulation is diflerent in those two cases The character of slow coagulation for 
ferric phosphate sols is autocatalytic ; it is highly pronounced with impure sols, 
and gradually vanishes with pure sols in the presence of jwtassium sulphate, 
but becomes prominent in the presence of potassium chloride. In the case of ferric 
hydroxide sols, however, we do not find the existence of the autocatalytic nature 
of slow coagulation either by potassium chloride or by potassium sulphate; this 
holds good for all the purities of sols investigated in this paper. 

In explaining the meefianism of slow coagulation, especially in those cases where 
the coagulation develops an autocatalytic nature, various theories have been put 
forward by diflTercnt investigators. Freund iich (1) and Ghosh (2) consider 
this autocatalytic process of aggregation as a result of partial de-electrification 
of colloid particles by the addition of the oppositely charged ion. 8mo- 
luchowski (6) concluded that the S-shtfped curve obtained for certain cases 
of slow coagulation is due to the defect in the methods employed for determining 
the rate of aggregation of a colloid in its slow coagulation. If it is carried out either 
by viscosity measurement or by the method employed by Paine (5), the formation of 
a S-shaped curve is a necessary consequence of the method employed. It is also 
true that the shaking^^has a considerable effect in the process of coagulation of 
a sol ; it soinetirne.s acts as a broom for the de-electrified colloid particles. It 
should be here stated that the method employed in this paper may be open 
to objection that the sol is centrifuged after a certain stab? of aggregation. 
It has however been noted that a sol of ferric phosphate or ferric hydroxide after 
it has stood undisturbed for eight minutes or more on the addition of an electrolyte 
and then centrifuged for two minutes, the effect of shaking on the coagulation of the 
sol is not much remarkable. It was also casually observed that the effect of shaking 
is significant with impure sols only, while in the case of pure sols it is 
insignificant It may also be noted here that this method is different from that 
followed by Paine who subjected the same sol of copper (mainly copper hydroxide) 
to repeated centrifuging at different intervals of time, which necessarily and 
considerably increased the shaking effect on the phenomenon of slow coagu- 
lation. / 

In a recent communication, Ghosh examined the various theories 
regarding the process of slow congulation and came to the conclusion that the 
behaviour of different sols, in the region of their slow coagulation, cannot be 
explained in all cases It may be possible to explain the existence of a B-shaped 
curve for the process of slow coagulation on the view of partial discharge of 
colloid particles. But the development of asymptotic types of curves observed in 
the slow coagulation of som^ sols cannot be explained^ 
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It has already been shown (3), that slow coaijulation of a sol by an electrolyte is 
a contribution of two processes, , (1) the charge neutralisation to a minimum poten- 
tial and (2) cohesi<>n of such discharged particles due to their impact. It will be 
seen from these considerations that in the region of slow coagulation the added 
electrolyte is always small, and if the aggregation tendency of colloid particles is 
comparatively less, the whole speed of aggregation, which is a joint contribution of 
two processes already described, will be characterized by the development of a 
S-ahaped curve. If, however, the colloid particles are of lyophobic character, the 
process of cohesion to form aggregates is highly [)ronoiinced, and couse(iuently the 
rate of aggregation during the process of slow coagulation will be determined by 
the speed of de-el e<*.trific.ation of the charged colloid particles by the iidded ions 

Our results on the determination of the rate of alow coagulation of the ferric 
phosphate and ferric hydroxide sols by different electrolytes show that the speed 
of aggregation in the former is a H-shaped one, whilst that for ferric hydroxide sols 
the curves are asymptotic. The sol of ferric phosphate has close resemblance 
to many lyophilic sols, whilst that of ferric hydroxide (prepared by Krecke\s 
method! is a typical lyophobic one. So far as the property of viscosity is considered, 
we have found that a ferric phosphate sol has a considerable high viscosity as 
compared with that of ferric hydroxide (prepared by Krecke^s method). 

The sols of ferric phosphate, when they are sufficiently impure, contain 
greater amounts of stabilising agents, and require greater amounts of elec- 
trolyte to coagulate them than the sols which are pure. From all what has 
been said before, the de-electrification of colloid particles from an impure 
sol will be a slower process than that of the colloid particles from a pure 
sol In other words, the speed of de-electrification of colloid particles affected 
by the addition of electrolyte will increase with the increasing purity of the sol, as 
it is expected that the electrical charge on the colloid particles will diminish with 
the continuous removal of the stabilizing ions present in a sol. It has already been 
reported by Gore and Dhar ^4) that the electrical charge on the colloidal particles 
has a tendency to decrease with the progressive dialysis of the sol. It will be seen 
from the calculations of Ghosh that the speed of de-electrification of colloid 
particles from a sol is more rapid with a bivalent coagulating ion than with a mono- 
valent ion. For an impure sol of ferric phosphate, speed of the de-clectrificatiou of 
colloid particles carried on with sulphate ion is slow in comparison with that for a 
pure sol Oousoquently, the speed of de-electrification of an impure colloid of ferric 
phosphate is comparable with the speed of aggregation of the discharged colloid 
particles, which necessarily develops a S-shnped curve. In the case of potassium 
oliloride the speed of de-electrification of colloid particles from an impure sol is 
very small in comparison with the speed of aggregation of the discharged colloid 
particles and, therefore, the final speed of slow coagulation is determined by the 

F.8 
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process of do-electrification by monovalent chloride ions. When, however, the purer 
sols are taken for investigation, the speed of de-electrification of colloid particles by 
bivalent ion from potassinm sulphate rapidly increases, becomes too great in 

comparison with the speed of tiggregation of the dis<*Jiarged colloid particles, with the 
result that the curves for slow coagulation are no more S-shaped for ptire sols. In 
the case of KCl, however, the speed of de-electrification of colloid particles of the 
sol increases with the increasing purity of the sol, and finally becomes comparable 
with the speed of aggregation of the discharged colloid particles, which is always 
characterized by a S-shaped curve for slow coagulation. Our results on process 
of the slow coagulation of a sol of definite purity either by potassium chloride 
or potassium sulphate of various concentrations can be explained by similar 
reasoning. 

In the case of ferric hydroxide sol (prepared by Krecke^s method) the rate 
of aggregation of colloid is always too rapid to be compared with that of 
de-electrification of colloid particles at any stage of purity. The S-shaped curve 
has not been observed lat any stage of purity for this sol of wliatever concentration 
of potassium chloride or potassium sulphate. 

Our results are, therefore, in coufirmity of the view that the slow coagulation 
of the sol is a contribution of two processes, m., de-electrification and subsequent 
aggregation, the speeds of both of which determine the whole process of alow 
coagulation. 

We may also suggest that those sols which have a tendency to 
lyophilic behaviour will develop a S-shaped coagulation-time curve for the process 
of slow coagulation at a suitable purity, whilst the sol of lyophobic character will 
develop an asymptotic curve for their slow coagulation by any coagulating 
electrolyte 
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THE RADU)N AND THE ELECTRO-MAGNHnC WHHlL 

By N. 8. Japousky 

\The Rofial Inaiitution, London) 

CJornniimicated by Sir Shah Suiuiman 
(lieccived on August 12, 1039) 

SUMMARY 

Tht! autljor comparob Sir Shah Sulaiman'a Itadion tJioory ac(?ording to wliirh Light and 
Matter are formed by rotating dipoloH binary stars called Rudions, and his own \YhirJ thtNtry 
ac<X)rding to which Idglit and Matter are formed by certairj axially symmetrical systems of Maxwell 
e.m, waves which he cnlled c m. whirls or simply Whirls 

This comparison of two theories is preceded by the discussion of the ct>iulitions of adequate- 
ness of a physical tlieory. Two schools of mind can be distinguished in tliis question. Ac'cording 
to the one the pur|)oso of Science is to «a5p/ai« the unfamiliar experience in ternts of the fs miliar 
one by means of visual images taken tom the latter, which the author calletl generaliy “models.'’ 
According to the other, such an explanation is unattainable, and, thcrefon^ the Hciencc tian only 
oorrdaU the cxperiencAJ, and this can be done by an artificial system of mathematical symbols with 
ad hoc invented rules of of>eration. 

Sir Bhah and the author both associate themselves with the first scliool, but they choose 
their models differently. 

The author gives the reasons' why, in his opinion, the explanation of the physical world by 
means of models is imix)rtant not only for the Rcience itself but also for the general progrm 
of mankind, and why such an explanation should be attainable 

Then, the author gives the summary of Sir Bhah’a theory, mainly in Bir Bhah's own words, 
and Bumntarizus the general foundations and the principal conclusions of the Wliirl theory. He 
rccallB that the Whirl Theory of Light and Matter is entindy based upon Maxwell Electrt) dynamics, 
and that a^tcording to this theory the classical, quantum and wave methanical, and relativistic 
properties of Light and Matter are the ncc-essary corollariee of the electro- magnetic properties of 
the Whirls, 

Further, the author quotes verbatim Bir Bhah's criticism of the whirl theory and gives tlic 
reasons why he cotmiders this criticism invalid. 

Tlic author thinks that the chief advantage of the whirl theory is the singleness of its unifying 
principle; while Bir Bhah roust use elfXTtric charge, and inertial mass, and the Maxwell o.m. field, as 
independent fundamental conceptions, in the whirl theory the Maxwell Electro-dynamics in free 
space is the general foundation of the whole theory. 

Then the author finds in the formal part of Bit Shah’s theory certain difficnltics which he 
thinks to be hardly surmountable, namely, for the description of the e.m. field of hts Radions. Sir 
Bhah uses the same solution of the Maxwell equations as the author hi mself used for the e.m. whirls 
JapoUky solution” as Bir Bhah calls it), but this solution does mi correspond to the boundary 
conditions presented by Bir Shah’s Radions. 

In conclusion, the author expresses his appreciation of Sir Bholi’s contribution as a research 
in a u«w fi^I> Especially he points out tl\e importance of the part of Bir Bhah’s work where he 
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<ienvi*s tho Bchroedinger iind Heisenberg (Kjuatious froni the do Broglie and Phwick rolationships 
which are the iieceftsary corollariew of the “JaiK)l»ky solution” which Sir Shah and the author are 
both using for their respiKJtive theorieB. 


lNTUOr3UCTIOK 

Sir Shah Sulaiman in his recent paper* develops his Rotational Theory of 
Matter. 

In this paper he refers in very kind terms to my work on Rotfiting Electro- 
magnetic Waves and on Electromagnetic Whirls, f expounds part of my mathematical 
analysis and conclusions, and utilizes them for his own theory. He admits certain 
resemblance between my theory of Light and Matter as forms of Electromagnetic 
Whirls and his theory of Radions (‘‘rotating binary stars which enables him to 
utilize part of my work for his own theory, but, at the same time, he pointy out the 
essential differences in our respective physical outlooks. Me offers his criticism of my 
physical interpretations of Light and Matter and puts forward the reasons why hi.s 
own interpretation should be more satisfactory. In a separate section (Section V) 
Sir Shah explains how the Heisenberg and Schroedingor equations can be easily 
derived from my conclusions which he also embodies in his theory. 

It can be inferred from that section that an explanation of such a possibility 
lies in the fact that Wave Mechanics and Quantum Mechanics represent “mere 
rotational mechanics,'* and both theories are rotational theories. 

The object of the present paper is to compare the principles underlying Sir 
Shah's physical outlook and my own, to point out certain errors in Sir Shah's 
criticism of the physical part of my theory, and certain unrevealetl difficulties of his 
own theory, and, last but not least, to emphasize the importance of Sir Shah's 
contribution and particularly of certain general conclusions at which he arrives. 

The Conditions of Adequatenkss of A Physicai. Theohv 

We wish to feel at home in our World. We try, therefore, to explain it to 
ourselves in “familiar" terms, that is to say, in terms of our previous experience 
which has been fully assimilated by us. 

What this experience can be? 

First and foremost, it should be the observation of phenomena with which we 
come into immediate contact in our everyday life. 

The visual representation of our familiar experience we can call the “ models." 


*Thc Mathematical Theory of a New Helativity, Chapter XV, By Sir Shah Sulaiman, 

Aoad^ Sei., India, (1087 K Vol VH, Part 2, p. 66. 

-fFha, Mag, VoL Xh pp 984 958; Vol XX, pp. 427-468, and pp. 641-706 (19J16)j 
Vol XXll, pp. 5B7-581 
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Thus. we natanilty try to interpret our physical world by meuns of models 
taken from everyday life. 

Is this possible ? 

This cannot be asserted or denied with certainty a priori Tt must be 
tested. 

It is iiuite possible that our experience in different domains of the physical 
world must differ so widely that its correlation can only be achieved by a purely 
artificial system of coriccfitions and symbols which may widely differ from the instru- 
ments of thought which we use for the interpretation of our familiar experience. 

Tins conviction seems to prevail now in theoretical physics. Models are, 
therefore, in disfnvorjr. At best they are looked upon as means of UlustraiHHi but not 
of explanation of the phenomena Any attempt to interpret the unfamiliar physical 
experience by means of fnmiliar one, in other words, any attempt of explanation of 
physical phenomena is looked upon as doomed in advance, however simjile and 
logical it may appear. On the other hand, a system of mathematical symbols with 
ad hoc invented rules of their operation appear to be accepted the more easily the 
remote they are from the usual methods of calculation. 

Such an attitude is certainly legitimate and, in a way, non-eominittjil, for it 
is free from the a priori belief in the possibility of interpreting the unfamiliar experi- 
ence in terms of a familiar one, in other words, of explaining the unfamiliar 
experience to our mind^s satisfaction. In reality such an attitude is more than 
non-committal, it is an nctive disbelief in such a possibility, a sort of a militant 
defeatism. 

Although this defeatism is fashionable, it is, nevertheless, still unacceptable 
to many who seek the synthesis of nature in generalizing images, vivid, though 
accurately measurable, and who will refuse to restrict themselves entirely to the 
‘^Nature/s accountancy^^ by means of oompHcateu and artificial, abstract mathe- 
matical symbols which spoil the eyesight and, to a considerable degree, blunt the 
imagination. They will try to find adequate models and will hope to succeed. 

This hope is not entirely biuseless. 

Gleneral experience teaches us that we do not see what we funtlamen tally 
cannot explain. In other words, no sooner do we notice the facta than the ground 
is prepared in our minds to find for them a place in our system of previous 
e:;i:perience. 

This is certainly true with regard to the social and political phonomerm and this 
appears to be also true in relation to our physical experience. 

It appears that to explain the indirectly observable physical world in terms of 
familiar experience is not only possible for the above-stated reasons, but also very 
important for the development of human thought and, moreover, for the progress 
of human society. 
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If the indirectly observable physical world can be correlated only by means of 
an artificial ni ichinery of symbols which is very remote in structure and operation 
from the mental machinery used for the perception of a more familiar world, then 
the mind of an investigator, the scientific mind, must get more and more divorced from 
the practical mind, that is, the mind of the great majority of mankind. The gap 
between the scientific and practical mind must then grow, and their interaction must 
necessarily diminish, and this, in its turn, must reduce the mutual influence between 
Science and the practical life. With this must grow departmentalism of Scientists 
and their inability to understand each other. 

On the other hand, if the unfamiliar experience can be expressed in terms of 
familiar experience, the connection between Science and Life will become closer 
with the progress of Science, and the connection between different branches of 
human knowledge will also become closer. 

This fundamental conviction inspired my work on Electro-magnetic Whirls. I 
expressed my attitude in the following terms* ; — 

“ This renouncing of the macroscopic models would be the right way to follow 
for the theory of microscopic phenomena, if the only purpose of science were to work 
but a convenient representation of quantitative relationships between the various 
sides of our experience, so as to enable us to foresee and to some extent control it, 
for by means of a well chosen system of symbols we can represent simultaneously, 
and in a compact and accurate way, much larger complexes than the most powerful 
imagination can put in a simultaneously contomplatable visual picture. 

“But the purpose of science is much wider; it is not only to enable us to 
foresee and to control the experience, but also to understand it which means to con- 
struct from it a wide picture of the universe around us which would satisfy our mind. 

“To attain this satisfaction all our mental faculties must take an active part 
in the construction of this picture, and among them our concrete vision must occupy 
a position which would be adequate to its general importance in our mental life. 

“ But our vision develops under the constant influence of our macroscopic 
experience, and so a picture of the universe around us, built of macroscopic models, 
would be for ua more vivid and tangible than an abstract symbolic representation 
built by a skilful mathematician, however accurate and elegant his system of 
symbols may be. 

“Therefore the success of the abstract representation of the microscopic world, 
which has been already achieved by W'ave Mechanics, and the continuous progress 
which it is making, must not be considered ns a reason for ceasing to try to find the 
macroscopic models which would be suitable as bricks for building our fricture of 
the world of elementary particles. 


Phil Mag,, XX (pages 418-419). 
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“The laws j;oven)injg the macroscopic models chosen for this purpose must be 
a<X!urately known and expressible in a simple way, At the present stHjje of onr 
knowled{5e the most suitable models in this respect will be those which are based 
on macroscopic electromagnetic plieiionuuni in free space — in other words, models 
representing systems of MaxwelPs electroiuagneti<; waves in free space, of directly 
measurable dimensions/’ 

Bertrand Russell wrote me about my papers, “My prejudices arc on your 

side/’ 

Professor Dingle wrote to the effect that no theory can explain phenomena 
but can only help to correlate them. The attitude of these two philosophers 
is remarkably characteristic of the two trends of thought that they ropresent 

Sir Shah Sulaiman is apparently convinced, in common with me, that the 
physical world can still be interpreted in terras of models, but we choose our models 
differently. Sir Shah sees them ns rigid corptisclcs, while I regard them as systems 
of electro-magnetic waves. 

The choice of models must depend on the contents of familiar experience and 
must, therefore, alter with time. Consequently, the “prejudices” in Bertrand 
Russell’s sense should have something to do with it However, I think that for a 
given historic period the choice of models can be made not only by prejudices but 
on rational grounds, 

I think that in tlie light of present-day knowledge and experience, not only 
scientific but also popular, the conception of electro-magnetic waves is at least not 
less elementary than the conception of a miniature “billiard ball” or of a charged 
rigid corpuscle. 

I cannot help feeling that Sir Shah Sulairnan’s adherence to the rigid 
corpuscles as elementary models can be explained to a considerable extent by the 
fact that he belongs to an earlier generation than I, and at the time when the 
foundations of his scientific outlook were formed, there was no wireless. Of 
course, the choice of models, however rationally selected, can be finally judged only 
by the agreement of their theoretical manifestations with experience. 

Summary of Sir Shah Sulaiman’h Theory of Light and Matter 

According to Sir Shah Sulaiman’s fundamental assumption— 

“ Light consists of swarms of discreet unita, Newton’s corpuscles, now called 
radidns, with one addition that in its inner structure n radioa consists of two com- 
ponents of equal and opposite charges (found to be of equal masses also) rotating 
round their common centre of gravity, which is moving forward with a uniform 
velocity. The translational and the rotational motions give it both the particle and 
Wave aifCciM simultaneously, both momentum and wave-length. Light then 
becomes an electro-magnetic system, creating and carrying its field with it Maxwell ; 
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equations follow naturally. It has been shown that such a system automatically 
propajcatea itself with the known velocity of light. 

One can infer from Sir Shakes paper- that elementary particles of matter 
(electrons, protons, etc.) have a similar structure, although he does not say so expli- 
citly. Sir Shah prefers to disclose his assumption with regard to Matter in a 
few remarks in which he formulates the difference between my * * * § ** Whirl theory 
and his “Radiou theory and states the reasons why the latter is more advantageous 
in his opinion.f There he clearly refers to the Radions as representing the proton 
and the electron. He does not show, however, in detail how the known properties 
of the electron and the proton are manifested in the Radion, On the other hand, 
he considers in detail the hydrogen atom and takes it as an example of n “ binary 
star ” or Radion, of which the world must consist in his interpretation. 

To describe the electro-Tnagnetie field prodiic.ed by the Rjidions fonning the 
Matter, Sir Shah uses the Maxwell equations in cylindrical co-ordinates, which he 
puts exactly in the same form in which I have put them in my paper on Rotating 
Electro-magnetic Waves, and then uses my solutions, as he acknowledges in very 
kind terms He refuses, however, to interpret these solutions as Electromagnetic 
Whirls but connects them with the Radions. 

The principal result of these solutions which Sir Shah utilizes is that they 
imply the de Broglie relationship (where u is the speed of phase propagation, 

p the speed of the particle, e the speed of light) and the Planck formula E=hv (E the 
energy of the particle, A the Planck constant, and y the frequency of waves) not 
as postulates but as corollaries which follow from them on tlie basis of Maxwell 
Electrodynamics. This has been found by me for the Whirls but Sir Shah thinks 
that this should be equally true for the e.m. fields of tl»e Radions. 

To describe the electro-magnetic field of the light waves, Sir Shah uses another 

A 

solution of the Maxwell equation. In this solution the amplitudes have the form ^ 

(where A is a constant, r n radial co-ordinate in the cylindrical co-ordinate system) 

In 1924§ I considered the same solution, but rejected it as involving infinite 
intensity of the field at r — 0, or at any rate a discontinuity of the field (charge) at 
certain radions. However, for Sir Shah it is not an obstacle, as <‘.harged particles 
constitute an integral part of his theory. 


* Sir Bhah Bulaimuii, /oo. oi/., p. 66. 

t rfuw. p. 68. Hieae remarks will be quoted later. 

i Ph$l XTX, p. 936, equation Compare it with Sir Shahs equations (43 '2) and (43 3) 
on p. 69 of his aix>ve-cited |>aper. 

§ fUr phifnik,, 64, p. 121 (1929). In 1936 1 discussed this solution ( nature, 137, pp. m and 

lOBJ) in connection with Sir J. J . Thornton's theory of Light ( 137, pp. 232 and m) V 
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StTMMARY OF TITK WniItL THEORY OP LrOHT AND MaTTBR* 

According to this theory Light and Matter in all their varieties are forms of 
Maxwell electro-magnetic waves in free space, or using Sir William Bragg's ex- 
pression, onr Universe is “the Universe of liight.” 

The physical history of the world is its electro-magnetic history. Mathe- 
matically it can be fully described in terms of the components of the ehelro-ma^neUc 
vector as a function of four co-ordinates ; three space co-ordinates and one time 
co-ordinate.f The Electro-Magnetic Vector is defined by three components of 
the vector itself (primary components) and three time derivatives of these com- 
ponents (secondary components). These six components are, however, not arbitrary. 
The primary and the secondary components are connected by the well-known 
Maxwell equations which we can for our immediate purpose write in the form 

? S=+VaP 

ip=±VxS .. ... ... ... (4-1) 


where is a world constant of the dimensions of speed (speed of light), P and S arc 
the primary and secondary vector respectively, \7 is the vectorial operator witli the 


d df (i 

components , and^^ , in the Carthesian space co-ordinates xyXy the sign x 

denotes vector multiplication.! 

It is clear from (4'1) that the secondary vector can always be taken for th<? 
primary and then the primary will become the secondary. 

When we use the upper signs in (4*1) we call the primary vector “ electric 
and the secondary magnetic, and vice verm when we use the lower signs. 

It can be proved purely mathematically from the elementary properties of 
vectors that in free space^ that is to say, in the absence of discontinuities of the field 
(“ charges the Maxwell electro-magnetic field must constantly vary in space 
and in time.§ 


* Japolaky, N. 8 ., PhU. Mag.. Vol. XIX, pp. 934 - 958 , Vol XX, pp. 417-468 (1935), 
Vol XXII, pp, 537-581 (1936), 

t J*'or the sake of continuity of the discussion the well-known foundations of Maxwell’s theory 
will be briefly summarised here. 

$ The sign would mean Scalar multipHcntion, The oi)erator8 V, V and S7 ^ are more often 
called grad., div. and curl- or rot. respectively. 

§ Vector analysis gives a welhknown relationship 

where, denotes Scalar multiplication. On the other hand Gauss’s theorem gives ^'Ew4T^ai)d 
E«p where E and B are electric and magnetic vectors respectively, p density of charge. More 

precisely ® by definition. 
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Therefore the Maxwell electro^magnetio field rn free Bpace mast have an 
undulatory structure, although, geaerally speaking, these undulations need not neces* 
sarily be simple harmonics either in time or in 8pace» The real eiectro-nuignetic 
field can be compared to very rough sea rather than with the artificially produced 
harmonic waves. Any possible state of this Universe of electro-magnetic waves 
must represent a solution of the Maxwell equations. 

The only form of energy which can exist according to the Whirl theory is the 
energy of the eleotro-magnetio field, that is to say, the energy of the voluminal 
density P'P + S»8 (the proportionality constants are here omitted as immaterial for 
the present),* The law of conservation of this energy need not be postulated, since, 
according to the well-known Poynting theorem, Ibis conservation follows from the 
Maxwell equations. 

As is well known the solution of the Maxwell equations within any limited 
space is determined by the e. m. field throughout the space at a certain moment 
of time (‘‘initial conditions **) and the c, m. field at the boundary of this space for all 
times (“boundary conditions ^0- 

The boundary conditions represent the mutual influence of the part within the 
space under consideration (possibly the whole known Universe) and the space 
outside the boundary. 

If this space within the boundary forms a self-sufficient system, then the field 
at the boundary must be zero, and the whole physical history within the boundary 
will be determined by the initial conditions. 

All the initial and a forteriori boundary conditions cannot be known, and 
unless we can supplement the Maxwell equations by certain principles, which could 
be equivalent to the initial and boundary conditions, the electro-magnetic history 
of the world, and especially of a limited part of the world which we can observe, 
will appear to us purely arbitrary. 

Such principles, not only exist but are in fact included in the Maxwell 
Electrodynamics (which is wider than Maxwell equations). 


From (41) of either electric or maimctic rectors is serd if any of them remains ocimtant 
in time and does not vary in space. Hence, in static fields x V On the othw hand in 

fr 0 e ajwjce, by definition V Hence in case of a static field in free space V' 

and consequently const, which actually means for otherwise the fiekl intensHy would roaeh 
infinity, which is of course physically impossible. Hence the field must be constant throu|dtottt 
the space. This, however, is also impossible urtleis the HM is aero, lor in space free of charge the 
lincB of force must be closed. 

'Iliiis Moxwoirs electro-magnetic field in free space must always vary in space and 
Jlop, XX, p m 
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Fr the applieatione to the partiotiiar electro-magnetic structure which is 
ipanifested in the form of Light and Matter, these limitations are equivalent to the 
fareeM* betSteen different systems of eleotro-magnotic waves. These forces follow 
the known laws of Mechanics, and their actioti amoiig the multitudeg of similar 
systems result in the equi-distribution of energy and momenta and in certain ways 
of transformation of systems whudi ensure their stability. The latter conservative 
tendency I called “minimum disturbance principlc/^f 

Thus the limitations in the initial and boundary conciitions of the Maxwell 
equations enables us to interpret the physical proc esses, when convenient, in terms 
of “ ordinary classical Mechanics, leaving out of account their electro-magnetic 
essence. 

In the rough electro-magnetic sea of the Universe there can be distinguished 
stable component wave systems which I called “ Electromagnetic Whirls or 
simply “ Wbirls/^^ 

The Whirls, according to the solutions of Uie Maxwell equations which 
represent them, have an axial symmetry and a symmetry relatively to a central 
plane, § 

The point of intersection between the central plane and the axis is called the 
“centre^^of the Whirl 

The electro-magnetic waves of the Whirl rotate round the axis, forming a whole 
number of angular waves. The number of these waves (usually denoted by n ) 
is called the “ number of pairs of poles ” of the Whirl, by analogy with the rotating 
magnetio fields in polyphase eleotrio motors. lu the radial direction the Whirl 
Imrms stationary waves with the wave-length depending upon the frequency and 
varying with the distance from the axis. In relation to the Whirls representing the 
elementary particles the wave-length of the radial stationary waves at a large dis- 
tance from the axis tends to become practically equal to the corresponding light 
wave-length ( c/v , where c is the speed of light and v the frequency). In 
the axial direction the Whirl forms an aperiodic field when it is stationary and 
periodic when it moves along the axis. 

When the Whirl is stationary, the magnitude of the field represents an expo- 
neotial fnaction of the distance from the ©eatral plane. When, however, the Whirl 
tppves n whole, this function becomes exponentially-periodic with the wave-length 
satisfying the well-known de Broglie relationship 

c* =0* (4*2) 


pp. 673 And 676. 

^ PIW 481 and forthsL 

f XtX, pp. 935-643. and ff. 421-435, and pp. 441-440, 
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wh^re Cj is the speed of phase propagation of axial waves, v* * * § the speed of motiop 
of the Whirl* 

This relationship is here not an arbitrary postulate, as in the Quantfihi Mecha- 
nics, but a necessary condition of the physical possibility of Whirls in accordance 
with the Maxwell Electrodynamics. 

Pnrtlier, it has been found that the same Maxwell Electrodynamics requires 
the increase of frequencies in proportion, and the reduction of the axial distances in 

inverse proportion, to 1— | ^ This of course agrees with the Einstein^^ 

Principle of Relativity. 

These properties relate to any kind of Whirls. The type of Whirls which 
has special importance for the theory of elementary particles is the so-called Com- 
pound Whirl "If 

In further discussion we shall only deal with the Compound Whirls. There- 
fore for brevity we shall call them simply “Whirls.” 

The amplitude of the m. field intensity of this type of Whirl, apart from the 
above-mentioned exponential or exponentially-periodicol variations with the dis- 
tance from the central plane, varies with the distances from the centre of the Whirl 
and from the axis, in accordance with the rather complicated law which tends to 
approach assiinptotically the inverse proportionality to the first degree of the 
distance from the centre and to square root of the distance from the axis. 

It can be easily shown that such field distribution gives a finite total e. m. 
energy of the Whirl Again on the basis of the Maxwell Electrodynamics, it hag 
been found that the total energy of the Whirl is proportional to the frequency, while 
the angular momentum of the Whirl remains constant.^ 

Consequently the well-known Planck law represents one of the fundamental 

features of the Whirls. It has been found that the Planck constant of the Whirl 

is equal to its double angular momentum, § 

It has also been found that the Whirl possesses an inertialmass incjreasing with 
the speed in accordance with the well-^known Einstein relationship. On the other 
hand, the total energy qi the Whirl (which is, of course, its electro-magnetic energy) 
is equal to lUo^c*, where m© is the stationary mass, II 
{To be condndedl 


*P/iaafa0.,XX,p.428. 

fPhU. Jfay., XX, p. 44t. 

f PhU. Mag., XX, pp, m and 447. 

§ Phil Mugu XX, fi4ii-444. 

II Pkii, ifaj?., XX, pp. 4^m 
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PATRON 

ITis Excellency Sir Maurice Hallctt, O.iE., 1.(^8, 

The Qoverm)r of the Unitirl Province 

HOm\ FELLOWS 
Minister of Kducatiov, 

Tlic IJuited Provinces 

Pandit Madau Mohan Malavij^a, LL I)., 
feynnerUjy Vim-^Chancellor^ 

Benaress Hindu ITuiversity 

BENEFAt^TOR 

The Vice-Chancellor, 

Alluluilmd University, Allahabad 

Ifis Exalted Highness The Ni:^nm of Hgelmilmi [Decmn ) 

Tlie (lon’bleSir Shall Muhammad Sulaiinau, Kt., M.A., LIj.D., 1>. Sc., F.NJ„» F.N.A.Sc, 
fludge^ Federal Couri of India^ Nao Delhi 


ANNUAL MEETING 

The Aunual Meeting of the National Academy of Sciences, Indio, was held in 
the Mayo Hall, Allahabad, at 3 pan. oti Saturday, tlic 13th danviary, 1940* His 
Excelleiu'y Sir Maurice JIol^ K*CSX, C*LE., i.C-S., Governor of the IJinted 
rVovinces, and Paii'on of the Academy presided over the fvuiction. Dr. Sbri lliujjan, 
MtSc. (Cantab), D.vSc., F.A*Sc,, F.N.A.Sc., one of the General Secretaries, read the 
Repoit for the year 1939* 

Pandit Amaranntha Jha, M.A., F.R*S L., the ('hairmart of the Reception Com- 
mittee, read his welcome uddresg. The HotCble Sir Shah Muhammad Bulaiman, 
Kt, M.A*, LL.D., D.Scm F*N,1., F.N.A*Sc., the President of the Ac*ademy, delivered 
his address* His Excelkiucy Sir Maurice Ualleti then made a speech* 

Proi Y. Bharadwaja, M.Sc., Ph.D* (Loud), F,LS., (Loud), ENT., FN4,Sc * 
. proposed a vote of thunks to His Excellency the PntT‘on of the Acndemy, 
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PrKSKNTKD at THR A>^NUAt. MKK'JTNfJ OV THE NATIONAL AoADEMY OK SOIKNCKH. 

India, ok Janhary lU, 1940 . 

By Shut Ranjan, M.S<^ (Oantau.), D.So. (Statk»Fran(tc), RA.Sc, 

We have the honour to submit the followiufj: report on the workinj? of tlie 
Academy durinn; the period bof^muiug from the 1st January 19H0 and eiulinsr with 
the 31st December 1939. 

The Eighth Ordinary Amuial Meeting of the Academy was held on Saturday, 
the 4th February 1939, at 3 p.m. in the Viziauagrain Hall, Muir Central ColJogo 
Buildings, Allahabad. The Hon^blc Mr. Sampurnanand, Minister of Mucation, 
presided over the function. Kai .Sahib Dr. P. L. Srivastava, one of the General 
Secretaries of the Academy, presented the annual report. 

After Sir vShah Muhammad Sulaiman, Kt, M.A., LL.D., D.Sc., F.N.I, 
President of the Academy, had delivered his address, the Hon^ble Mr. Sampurnanand 
addressed the Academy, and gave away the Education MinistoFs Gold Modal to 
Dr. B. Sahni, D.Sc., Sc.D., F.G.S., F.R..S., F.N.I., Professor of Botany, Lucknow 
University, for his papei* on “Materials for a monograph on Indian petrified 
palms.” 

It is a great pleasure to us to record here that, during the year under report, 
Sir Shah Muhammad Sulaiman, Kt, M.A., LL.D., D.Sc,, F.N.I., was unanimously 
re-elected President of the National Academy of Sciences, India. The Academy 
has on its rolls 108 members who hail from every part of India. Of these 99 are 
elected Fellows, according to our constitution, on account of their special distinction 
in the domain of science. Eight Fellows have been elected during the period 
under report. Thanks to the seientific and jihilosophical activities of the Academy, 
it is maintaining its high reputation and steadily gaining popularity in and outside 
the country. Our Proceedings are on the exchange list of more than 170 Indian 
and foreign scientific journals. During the year under review, we published four 
issues of the Proceedings containing 25 original papers, the total number of 
such papers— Indian and foreign— communicated to the Academy being over 3]. 
The papers published in the Proceedings have been widely appreciated and abs- 
tracted in all important Scientific Abstracts, and some reproduced in Mo in other 
scientific journals. The Academy was also invited to represent itself at international 
congresses and other manifestations of international scientific activity such as the 
International Geological Congress, Great Britain, the International Congress of 
Genetics, Edinburgh, and the Two-IIundredth Anniversary of the Royal 8vyedi»h 
Academy of Sciences, 
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The financial position of the Academy, we are sorry to say, has not 
been as sound as one could desire. We are grateful to the Government of the 
United Provinces for the ^rant we have been receiving for the past several 
years. In the first year of its existence, the Academy of Sciences, U, P., 
received a grant of Rs. 4,000/- and it was in the hope that this grant would be made 
a recurring one that this Academy began to function. In subsequent years, however, 
owing to financial stringency, the Government has been giving only Rs. 2,000/- per 
annum although the Academy has meanwhilo attained the status of an all-India body. 
Wo earnestly hope that the Government will be pleased to incre^ise snitably the 
present grant and make it recurring. We are grateful to the A llababiid Municipal 
Board for a donatioa of Rs. 250/-. We trust that the Imperial Council of Agri- 
euitural BosoaTcb, New Delhi, which granted us Rs. 500/- for the past tiiree years 
suceossivoly, and His Exalted Highness the Niaam of Hyderabad who made a 
donation of Bs. l,000/« last year and has gmciously become our Benefactor, will be 
pleased to sanction similar amounts for the current year. 

This y^r has unfortunately witnessed the beginning of a war against domo- 
oracy and civilisation, and In this grave moment of national calamity the National 
Academy of Sciences, India, has placed its resources at the disposal of tim Govern- 
metit. Works on such subjects as the Power Supply in the United Proviuees and 
lodta, the utilization of molasses in increasing the fertility of the soil and reclaiming 
waste lands, new conceptions of relativity, etc., are amongst the landmarks in the 
short but eventful life till now of this Academy. Our poor finances, however, 
have stood in the way of expanding the sphere of our activities and taking 
up new programmes of scientific enquiry. We are obliged to repeat in this 
connection what the Academy has, on previous occasions, stated before the 
authorities, Indian potentates, and the general public, tliat the paucity of funds 
does not permit us not merely to enlarge our Proceedings and organize a well- 
equipped Sdence Library, but to satisfy a need of fmnlamental nature, and that is, 
to have for the Academy a suitable building of its own. The need of such a building 
in which we can hold our meetings and house our library is urgently felt and the 
plan of the building is tentatively drawn up. We appeal to all those who appreciate 
wbat science has done and is doing for the advancement of knowledge and realize 
the value of science and scientific research for the weii-being and uplift of the masses, 
to oontribute liberally to the Building Fund of the Academy* All contributions, small 
or big, will be thankfully acoepted. 

In pursiaatice of the poUey of the Academy to foster an aimospherc of res^oh 
and invention all over the country, we have assembled our members and Fellows and 
amiaent scientists fromdMerant pariaof India and drawn up an adequate pmgramnie 
Isr oar Ammal Meeting of this year. It is a matter of spedal gratification and groat 
pncburai^ement to qs that the fatron pf the Academy, His llxcelleitey the Goveyimy 
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of the United Provinces, has been pleased to preside over this session. Sectional 
meetings in physical and biological sciences will be held under the chairmanship of 
Scientists, on the 2nd and 3rd day of this meeting ; and wo hope to continue this 
practice during our Ann\ml Meetings in the future. We take this opportunity to 
submit that this Academy which justly claims for itself an all-India status, and has, 
amotig its members, scientists of international repute, should be consulted by the 
Government whenever a scheme of national importance arises ; we respectfully 
assure the Government that all the expert advice or co-operation that the Academy 
is capable of, will be only too willingly off*ered. 

The Educatioti Minister’s Gold Medal kindly offered this year by Dr, Fauna 
Lall, C.I.E, I.C.S., D Sc., Advisor to Governor, IJ. R, has been awarded to Prof. 
Mohd. Abdul Hamid Siddiqui, M.A., M,S„ D.L.O, P.R.C.8, Professor of Anatomy, 
King George’s Medical College, Lucknow, for his paper on “The Genito-Urinary 
System of the Indian Ground Squirrel (Fiinamhuhis palmariim)^ 

The Academy records with satisfaction the confirment of the title of Rai Sahib 
on Dr. P. L Srivastava, M.A., D.Phil. (Oxon.), who was a General Secretary of the 
Academy for the full period permissible under our constitution. The Academy 
congratulates Rai Sahib Dr. R L, Srivastava on his well-earned distinction. 

Dr. U. N. Chatterji, D.Phil , who served the National Academy of Sciences, 
India, as the Special Officer since 1937, was recently appointed a Lecturer in the 
Agra College, Agra, and the Academy records its appreciation of Dr. Chatterji’s 
services. 

We are glad to record that, during the year under review, the Academy secured 
the active, part-time co-operation of Dr. G. T. Kale from the International Institute 
of Agriculture, Rome, during his leave. 

Finally, we wish to express our thanks to the Office-Bearers of the Academy 
and to the Members of its Coumnl for their ungrudging help and active co-operation. 



WELCOME ADDRESS 

Pakdit Amakanatha Jha, M.Am F.R8.L. 

Chairman of the Recei*iton Committee 

At ihs Anniversary Meeting held on January tS, 1910 

Youk Excellency, Mr. President, Ladies and Gentlemen, 

I extend to you a warm welcome to tlie Atuiual Meeting of the National 
Academy of Sciences, an institution that has had such distinguished presidents in 
the past as Professor M, N. Saha and Prof. B Sahni (both of whom have also been 
General Presidents of the Indian Science Congress), and that is now so ably presided 
over by the Hon. Sir Shah Muhammad Sulairaan, who, having attained the highest 
eminence along the dusty purlieus of the law, is now returning to his first love, 
Mathematics, and is winning recognition as an original thinker and an expert in the 
use of symbols. Among its Fellows will be found most of the leading scientists in 
the country. Whatever may have been the apprehensions and doubts at the start, 
there can, I think, be no question now that the Academy amply justifies its existence 
as a clearing-house of ideas, as a convenient platform where scientific students and 
researchers can meet and discuss problems that are engaging their attention, and as 
link between administrators and captains of industry on the one hand and scientific 
investigators on the other. It publishes a journal, thereby ensuring prompt publica- 
tion of research papers. It has a small but valuable library, fairly well equipped 
with the leading scientific journals both of this country and of other countries. The 
Academy fully merits all the support it can get from the State, the Universities, the 
industrialists, and above all the scientists themselves. 

At a time like this when an educational administrator is constantly told that 
both research and teaching in the science laboratories ai’c in danger of coming to a 
standstill because of the difficulties of obtaining supplies of apparatus and chemicals 
from Europe and of the impracticability of affording the high cost of material from 
America, may I suggest that you should consider the manner in which you can be- 
come independent of foreign supply? The want of chemicals and reagents is being 
acutely felt, and I am told that after about a year the situation will become very 
serious indeed. The reason for that is that we have depended on foreign chemicals 
and apparatus. The types of substances in which acute shortage is felt are certain 
pure inorganic chemicals and analytical reagents, organic solvents, dyestuff interme- 
diate dyestuffs, medicinal chemicals and perfumery materials. In our Ztoology Labora- 
tory, animals and slides that used to be imported from Plymouth, Naples and Paris have 
not arrived this year. England is unable to supply articles of cast or moulded glass 

♦ 
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like Kipp^s apparatuB and Desiccators. For the supply of other articles Priority Cer- 
tificates, endorsed by the Government of India, have to be obtained. Japan and 
America can still supply some goods but at an absurdly high price. I am advised that 
the Indian Universities can step into the breach to a certain extent, provided they have 
funds. There is a vast possibility for others too, in the line of preparation of various 
products from ores available in this country; manufacture of alkali by large-scale elec* 
trolysis, manufature of acids on a large scale ; manufacture of basic organic materials 
like benzene In the University of Allahabad we shall be willing, with only a small 
additional grant, to prepare a fairly large number of chemicals. Among Inorganic 
chemicals, |>otassium chloride, ammonium chloride and sulphate, potassium rutrate, 
copper sulphate, ferrous sulphide, sodium nitrate, ferric chloride, lead nitrate, 
silver nitrate, calcium chloride, magnesium sulphate, aluminium sulphate and 
zinc sulphate can be made here A large scale distillation of coal tar 
for the recovery of benzene, phenol, creeds, and naphthaline is urgently 
requireil. With raw materials like benzene, toluene, phenol, and naphthalene 
available, it will be possible for us to prepare the dyestuff’ intermediates, 
and with these intermediates we can prepare such dyes as fluorosoein, eosine, ery- 
throsine, saframine, rhodamine, martius yellow, Naphthol yellow, aniline black, 
nigrofiine, malachite green, methyl orange II, para red, Meldola^s blue and magenta 
The following medicinal chemicals can be prepeared without much difficulty with the 
raw materials mentioned above : Salicylic acid, aspirin, chloretone, salol, antifebrin, 
tannic acid, gallic acid, dermatol, phenacetin, phenolphthalein, lysol, thymol, iodo- 
form and novocain. Our laboratory can also prepare oitral, thymol, geranyl acelate, 
Hnalool, carvone, ethyl cinnamate, cineol, sanatalol and some other perfumery 
materials. Morphine and codeine from opium, strychnine from Nux vomica, 
vaccinine from Vasaka, Hollarhenine from Kurchi, Ephedrine from Ephedra and 
also Sida can be prepared here. Two assistants working in our Organic Chemistry 
Laboratory, with an initial grant of Rs. 4,000 for ecpiipment and a recurring grant of 
Rs; 1,500 (in addition to the Assistants^ salary) can without difficulty manufacture 
chemicals for laboratory and public consumption. I have a detailed scheme and I 
trust it will be possible for Government to sanction the erection of a small semi- 
largescale factory attached to our University. That will enable us to tide over our 
immediate difficulties and also help us to stand foreign competition even after 
the war. 

The onlooker, they say, sees most of the game And I, as an onlooker, may per- 
haps take a few minutes of your time, in stating some thoughts that suggest themselves 
to me. A nineteenth century poet said that each age is a dream that is dying, or one 
that is coming to birth. What is the dream of this age to be ? To which star are we 
to hitch our waggon ? What is to be our Eden ? Are we to work for a society that will 
be governed by money ? Or are we to conduct ourselves so that we shall earn the 



( 6 ) 


eeteem and regard of our fellow-beings? Or are we to have as our aim the long and 
healthy life, leaving behind us healthy children? In other words, are we to be 
mainly economic, or ethical, or scientific in our outlook? In order that we should 
load a full life and starve no side of our nature, it is necessary that our ideal should 
be a composite one and that the principles of economics, ethics and science should 
be so finely adjusted as to form a harmonious whole In such a view of our ideal, 
there is no room for arrogant claims by any one set of workers The mango cannot 
spurn the melon, saying “Mine is the one fruit Allah made for man.” It must be 
recognised, as Huldane says, that man lives in two worlds, the visible world which 
changes with time, and an invisible world whose constituents do not change Life 
is made of matter and spirit, Praknii Ptmisha, and man ignores either the one 
or the other at his own peril A purely materialistic view of life must be mistaken 
because it touches life at only a few points and leaves many gaps and gulfs that 
renmin to be explored. It leaves untouched the very life of things As Eddington 
says: “The materialist must presumably hold that his wife is a rather elaborate 
differential equation, but he is probably tactful enough not to obtrude this opinion 
in domestic life.” The materialistic philosophy is responsible for science having 
been converted into pursuit of power. It has become also a serious source of 
difficulty and even disaster in the economic life of mankind. So great is the economic 
menace that a few years ago, in an article entitled “ [Jnemploymeut and Hope,” 
Nature suggested the scrapping of huge-scale factories, and the encouragement of 
small cottage industries or handicrafts, as also a combination of manufacturing with 
agricultural or garden industry. Science should clearly indicate what ideals it 
pursues, The rulers of States are blamed for their inability or unwillingness to 
adjust their economic organisation to the vast increase of productive power brought 
about by science. But is increased production needed or desirable? Science must 
give up its present position that it tries to acquire knowledge for its own sake. Tliat 
is all very well for the worker sitting in his laboratory. What he cannot forget is 
the use to which this knowledge is likely to be put by the men who seeks money or 
power or who has mere motiveless malignity. Knowledge is good, but wisdom is 
better. Both those who devote themselves wholly to theory and observation and 
those who are great inventors should remember in their pursuit of knowledge that 
the intellectual all-in-ull who peeps and botauises o er his motheris grave has killed 
some of the finer traits of human character. Knowledge is truly justified by its 
results. The aim of all endeavour should be welfare and happiness. Happiness is 
mainly a matter of the emotions. The scientist, by treating a rose and a tai>eworm 
alike, by admitting no distinction between the face that launched a thousand ships 
and the dunghill, by studying them by the same methods and viewing them from tke 
same angle, by deliberately stifling emotion and by a so-called disin^terested love of 
knowledge, tends to come into conflict with ethics. The first considerable ^tpker 
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m Europe who expounded the materialist view was perhaps the poet Lucretius, in 
the first century B.C. An epicurean in his philosophy, he sought to explain ‘the 
riddle of this painful earth/ He ends the first book of his poem “The Nature of 
Things with the words: 

“One thing after another will grow clear, and dark night will not rob you 
of the road and keep you from surveying the utmost ends of nature : in 
such wise things will light the torch for other things/’ 

Unfortunately Lucretius suffered from fits of insanity and died by his own hands! 
The extreme scientist, in his claim for omniscience, condemns religion as a compli- 
cated fear, or a sublimated sex-instinct, or a combination of credulity and duplicity. 
But, fortunately for us, some of the more thoughtful of contemporary scientists, 
Jeans, Whitehonse and Eddington, for instance, have realised that there are more 
things in heaven and earth than are dreamt of in science. At the same time, recent 
work in physics and biology in discovering the unity of matter and energy, and the 
direction working ih the process of evolution, has provided a basis for faith in an 
eternal Sovereign Eiiergy or Force or Being, the main article of all religious faiths. 
Lord Morley, an agnostic who toyed for a while with Positivism, said once that the 
next great task of science i.s to create religion for humanity May wc not hope that 
the words of Lord Bacon will be constantly remembered by the scientists, that 
science should be “ a rich storehouse for the glory of the Creator and the relief 
of man’s estate?” The arche-type of the seeker after knowledge and power, 
divorced from morality, had dreamed of u world of profit and delight, of power, of 
honour, of omnipotence, had hoped to command all things that move between the 
quiet poles, and yet ended his days, saying that he wished ho had never seen Wer- 
tenberg, never read book. The purely atheistic attitude and consequent materialism 
of the later years of the nineteenth century are fortunately things of the past. There 
is to be seen a more reverent, one might almost say religious outlook in contemporary 
writings by the more thoughtful scientists, and it indeed seems to a layman that 
recent discoveries and researches suggest, in the words of Sir J. A Thomson, that 
what science shows is that we cannot make sense” of the Universe and our place 
in it unless we believe in the reality of Purpose— of Diven Design that has counted 
throughout the past and will continue to count in the future. We are told by a 
scholar like Professor Crowther, an authority on Molecular Physics, that modern 
science, face to face with the mystery of the act of Creation, can only repeat the 
words of the Bible, ‘ And God said, let there be light: and there was light ” 
Professor Lloyd Morgan finds in evolution one great scheme from first to last 
suggesting Mind or Spirit as Creative and Directive of all novelty and all recur- 
rence. Dr. MncBride, a leading Zoologist, thinks that the directing, regulating 
power of life did not originate in chance encounters of atoms, and asks “ He that 
planted the ear shall He not hear?” Sir William Bragg, pointing out what 
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Physical Science has found out, snys that matter, electricity, enerpfy, each 
in turn has been fashioned in the same strange way. All this is satisfactory. 
It is well that science should point to the enquirer that the real quest is the 
respectful knowledge of the Creator and Director of the Universe But it must be 
remembered, too, that the State has a grave duty towards Science. The scientist 
Can only work if he is paid—unless he has independent means of his own. The 
industrialist, the private employer, or the State pays him to wark. As Professor 
Julian Huxley says, the amount of money spent will determine the emphasis on 
different branches of science. Science is a resultant of a number of forces ; first 
of all, the natural disintersted curiosity of certain men ; secondly, the desire of others 
to get things done and acquire control over nature ; thirdly, the general temper 
of the time ; fourthly, the amount of money spent by those who control the purse- 
strings ; then the nature of the general economic system Science is thus a social 
function. Almost all our business now is connected with science The develop- 
ments of oiectrical engineering, or of the chemical industries, or of the means of 
transport, or of means of inter-oominunication, or of the use of rubber, alloy steels, 
cellulose — all of such moment to us in our personal and business affairs — we owe 
to science. To it too we owe our knowledge of the hydrogenation of petrol, the 
cure of diabetes, ansesthetics, plant-breeding and so on. 

There can be no limit to the possibilities of scientific achievement, especially 
if we do not use science in the narrow sense in which it is sometimes used. Among 
the abstract sciences are such branches of study as metaphysics logic, statistics, 
mathematics. Among the applied sciences may be included economics, education, 
medicine, engineering, metallurgy, agriculture. Sociology, psychology, sesthetics, 
anthropology also claim to be sciences. Thomson's “ Outline of Science has a 
chapter even on “ Psychic Science.^^ This is all to the good. The larger the 
sphere traversed by science, the more varied the topics examined with precision 
by the scientist, the more di.stant and complicated the objects analysed by the 
methods of science, the greater will be our sense of marvel, our feeling of reverence 
and awe, our discovery of some new beauty, some wisdom beyond the dream of 
the wise. 
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Your Excellency, Fellows and Members ok the Academy, Ladies and 
Gentlemen, 

Relativity undoubtedly is one of the theories of the 20th Century. 

This great Theory has almost dethroned Newtonian Mechanics and replaced its 
concepts of space and time. But the fundamental postulates on which the whole 
Theory is founded are extraordinary and on a first impression even astounding. It 
is a common belief that there are just a few postulates which suffice. But when 
the logical order in which the Theory has developed is examined step by step, it 
becomes only too apparent that there are a very large number of postulates forming 
its main planks, only a few of which can be deduced from some of the others. If 
any of these postulates proves to be false, the whole lofty structure may crack and 
collapse. The postulates of the Special Theory remain concealed behind the 
supposed null effect of Michelson^s experiment and Lorentr/s transformation 
formula, and those of the General Theory behind the intricate and complex appli- 
cation of the Tensor Calculus. The reputation of the Theory rests on the old claim 
that its mathematical results had been verified by actual observations. With 
the progress of Science, however, there is greater and greater accuracy in making 
measurements. And the latest observations undoubtedly cast doubts on the pro- 
claimed confirmations. It is accordingly interesting to re-examine the very premises 
on which the Theory is founded and bring out clearly the assumptions underlying it. 
Only then can we test the soundness of the philosophy that is sought to be evolved 
out of it. 

Micheuson-Morlev Experiment 

In 1881 Michelson devised an interferometer and with it performed his famous 
experimentt which was repeated jointly with Morley in 1887. The principle of the 
experiment can be stated in a simple way. Light proceeding from a terrestrial 
source S falls on a glass plate Q, which is slightly silvered so that one half 
of the light passes through to the mirror Mi and the other half is reflected 
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to an equidistant mirror M,. Both these are reflected back to the glass plate G 


As both pencils have travelled the same 
distance they recombine in the same 
phase of vibration in the telescope T. 
(G Mx=GM» = d) 

In a direction parallel to the 
motion of the Earth, the mirror Mi 
approaches to or recedes from the 
light The relative velocity is there- 
fore c ± r, where v is the velocity 
of the Earth and c that of light. Time 
taken by light in the direction of 
the ISarth^s motion is 





In the direction perpendicular 
to the Earth^s motion, the light traver- 
ses two sides of a triangle. The time 

taken in this journey is <i= y ^ 

The difference between the two times should be 

V ^ k I nearly, neglecting-^-. 

^ { / e C 2 ( 

o* 

The difference in the times should introduce a difference in the phases of the two 
pencils causing a shift of the interference fringes. The displacements observed by 
Mlchelson and Morely even when the apparatus was rotated were not more than 
25 per cent In the report as published in the Philosophical Magazine, (6) 24 , 
449 (1887), their conclusion was ‘‘the observed relative motion of the Earth and 
ether did not exceed one-fourth of the Earth^s orbital velocity.” 




Fitzoerau>-L()bektz CoimiACTION 

Fitzgerald and Lorentz suggested that every material body which has the 
velocity v in the ether contracts in the direction of its motion by the fraction 

V^l - , which would then make explaining the null effect 
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The Special Theory 

The Special Theory of Relativity was invented by Dr. Albert Einstein to 
explain this null effect. A little reflection will show that there are other possibili- 
ties of explaininjr the result. To exclude them, he had at the very outset to assume, 
either expressly or by necessary implication, the following postulates : — 

Postulate No. I . — Experi menially the 7tuU effed is not only approximately 
true^ but i>s exactly true. 

There might in fact have been a diaphicement of the interference fringes, 
though not as large as was expected . Many later experiments were performed 
which were supposed to confirm the null effect. But the most elaborate experi- 
ment is that of D.C. Miller, who [Review of Modern Physics, July, 1933, Vol. 5, 
pages 204—2421 found displacements varying from 4 to 15 per cent His definite 
conclusion is that there is no null effect, but there is in fact an ether drift of about 
10 km/sec. 

PosTTJLATK No. fl.— 7/ is impossible to detect the absolute motion of the Earth 
by any experiment performed on the Earth. 

When rain drops fall vertically, a person standing motionless would see them 
fall vertically over his head; but if he were to run along, he would notice the 
drops falling in an inclined direction towards him, because the two velocities are 
compounded. In the same way, the velocity of the light coming from distant stars 
has to be compounded with the velocity of the Earth moving in its orbit. And so 
an astronomer when observing such stars has to point his telescope forward or 
backward according as the Earth is moving towards or away from these stars, 
irrespective of their velocities. In this way a change in the absolute motion of 
the Earth is detected by experiments performed on the Earth when light comes 
from outside. 

PoeTUi.jVTE No. III.— TAe rcloeily of light is tvholly indepeftdent of the speed 
of the source of light 

We know that a st-oue thrown vertically upwards falls on the same spot from 
where it was thrown up irrespective of the motion of the Earth, because it also 
possesses that motion. Similarly, a ball thrown from the hands of a passenger sitting 
inside a train would take the same time to travel a given distance, no matter whether 
it is thrown parallel or perpendicular to the direction of the train. The obvious 
reason is that the stone already possesses the velocity of the Earth and the ball 
that of the train. In the same way if the velocity of light from a terrestrial 
source were affected by the motion of the source, the motion Earth might not be 
detected. 

PositTLATE No. IV.— 7%e velocity of light is wholly independent of the 
direction of tlw motion of the source. 
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This ra<»ans that the velocity of light emitted from a source neither partakes of 
the component of the velocity of the source in the direction in which it is received, 
nor of the transverse component perpendicular to that path. 

As regards de Sitter’s test of binary stars, it cannot be regarded as conclusive 
because the orbits may have eccentricities. 

P0STUI.ATK .-^The Laiv of Ihileeiion u the same whether the reflecting 

surface is siatioaary or is moving toivards the coming light. 

In one position the mirror Mi was approching towards the coming light 

PosTULATK No. YL^The Law of reflecMon is the same whether the reflecting 
surfcwe is moving away from the light or whether it ns stationa7*y 

In that positioii the plate G was receding from the reflected light 

Postulate No YYl ^The J^w of refleetion is the same whether the reflecting 
surface w slipping towards the coming graxing light or whether if is statwnary. 

The mirror M 2 could be slipping towards the light 

Postulate No VIII --The Law of reflexiimt is the sarne whether the reflect- 
ing surface is slipping away from the graxing light or whether it is stationary. 

The exiMjriments performed by Majorana have not been regarded by physicists 
as conclusive because the error of observation was large Even after liberally 
allowing for such errors he himself found an excess of 5% in the displacement of 
fringes* 

Postulate No. IX.— JTAe Law of Refraction is the same whether the refract- 
ing medium is approaching the coming light or whether it is stationary. 

The plate G in one position was approaching the light from the source* 

Postulate No. X. — The Law of ref rnction is the same whether the refracting 
mexiiiim is receding from the coming light or whether it is stationary. 

In another position the plate O would be receding from the light 

PosTUi^ATi*: No XI , — The Law of Refraetwn is the same whether the refracting 
medium is moving perpendicular to the path of light away from the normal to itself 
or whether it is stationary. 

The motion of the refracting plate G in one position would be perpendicular 
to the light from mirror Mj and away from its own normal 

Postulate No XII. — The Law of refraction is the sarne whether the refracting . 
medium is moving perpendhular to the path of light and towards the normal to it or 
tvhether it is statiomry. 

In another position the motion would be towards the normal. 

Postulate No. Xlli— TAe time taken by tight to reach an app^^oacking 
stirfa^ is exactly the same as that taken by light to overtake n receding surface^ when 
both the SUV (aces were equidistant mitially. 
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Michelson-Morley Experiment at best only showed the result of double journey^ 
to and fro^ of light, and not of each single journey of it But FJinstein assumed 
that the times in the two parts of the whole journey were equal 

He defined Time by the extraordinary assumption that the time takett by light 
to go from one object A to another object B is the same as the time taken to go 
from the object B to the object A, no matter in what direction and with what 
velocity the two bodies A and B may be moving. In the rotation of the Galactic 
System, the Sun and adjacent stars may be moving at about 200 miles per second, 
and there are stars from which light would take several years to come to the Sun. 
According to Relativity if the Sun and such a star are moving round in the same 
direction at this tremendous speed, light from the Sun would take the same time to 
go to the star as light would take to come from the star to the Sun, which is tant- 
amount to ignoring their respective velocities altogether. 

PosTULATJB No XIV — The optical theory of light is such that an experiment 
designed to measure the phase difference can be interpreted as enu for meusuring the 
constancy of the velocity of light. 

The experiment dul not actually measure the velocity of light, but only 
attempted to observe a displacement of the interference fringes 

With these postulates, Einstien put to himself the question: What should 
be the matheniatical basis for a, new Theory to explain the null effect? He 
propounded the answer by an abandonment of the classical concepts of time, apace, 
and the motion. 

Postulate No. XV . — The optical laws are invariant in form under any 
transfmmmtion from one system to another in relative uniform rectilinear motion. 


z z' 



The formula iu classical physics of the propagation of light according to fixed 
axes ( ox, oy, ox )iH 

dx*+dy*-i-dx*—e*dt*—o 

If (oV. o'y', oV) be another set of axes of moving uniformly with velocity 
r along ox then dx'>=dx—vdt, the other values remaining unaltered. Accodingly, 
+<#/*+ c*rfC “(d** + dg*+ dit * -cVCl-f 

F.2 
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Now, if V is not zero, the following two expressions cannot mathematically be 
equal rf.T* -f d]y ' -f efe® and + — p’rf/ unless also changes 

with :c\ which means that either c or / must change. 

[n the classical mechanics time t is absolute and remains the same for all 
bodies, while the velocity of light varies from one system to another when in relative 
motion Einstein, however, assumed that the relative velocity of light in vacuum 
does not change at all, but time changes. 

Postulate No XV [. — That it is not only the average value of the relative 
velocity of light in a to and fro fourpiey in vacuum that is comianty but that the 
relative velocity of light even in a single journey is absolutely constant. 

This means that light either moving towards an electron travelling say with 
two-thirds of the velocity of light or moving away from such an electron or over- 
taking it is supposed to possess Cxacty the same relative velocity. As Eddington 
has himself said, ‘‘ a beta particle shot off from Rudiurn can move at more than 
120,000 miles per second, but the speed of light relative to such a moving electron 
is still 180,000 miles per secoiid.^^ Although light travels at the ktiown and finite 
velocity of 186,000 miles per second, yet in Relativity its velocity relative to a 
moving body, howsoever fast it may be moving and whether light may be overtaking 
it or receding away from it, is still the same 186,000 miles per second This amounts 
to attributing properties of infinity to a finite velocity, as no velocity howsoever 
great when added to it or subtracted from it can ever make any difference. 

Had the velocity of light relative to the Earth been always the same, no matter 
in what direction the Earth be moving, then strictly speaking there ought to have 
been no aberration at all. If the velocity of light were absolute, there should be no 
question of its being compounded with the velocity of the Earth. 

Postulate No. XVlt— Absolute Time does not c.m/, but time depends on the 
velocity of moving observm\ 

As the velocity of light was assumed to be absolutely constant, the absolute- 
ness of time had to be abandoned. In this way he made 

(h * = d.r ^ ^ - dx! ^ -h dy' ^ + dx ^ * 

Relativity correlates the time at different places by moving a clock from 
one to the other with infinitesimal velocity--a contradiction in terras. Two 
persons moving with different velocities keep altogether different times Every 
body keeps his own separate time without any thing common to compare* 
with, and his time depends on his own velocity, Thus as Max Born has 
admitted, ‘‘ If A and B were twin brothers, then B must be younger when 
he returned from a voyage than A. This is a strange deduction which can, 
however, be eliminated by no artificial quibbling. We mast put up with this/^ 
The reason is that Time moved more slowly with the one who travelled. But this 
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is not all Ah everyth in Relativity is relative, so the first brother might be 
taken to have remained stationary and the second brother as having performed the 
double journey and become younger. Thus at one and the same time the first is 
younger than the second, and the second is younger than the first. 

Faced with this self-contradiction, the relativist uses the stock argument that 
this inexplicable result is due to the fact that there is no common standard of time 
for measurement, and that suggests there must be different amounts of time between 
the two meetings, one for the elder and the other for the younger. But obviously 
there is a fatal objection to this supposed explanation. Even in the Space-Titne 
continuum of four dimensions, Space has three co-ordinates (x^PyX) while Time haw 
only one ^ - \ t It is, therefore, patent that there can be several spacial routes 
from one event to another, while only one temporal route is ])08Hible. The con- 
ception of the tw(t differei»t amounts of time between the same two events i^ an 
impossiblility. 

Postulate No XV^III . — Absoluk simtiitanpify is meaningless. 

One has to agree with Ein^jtein that as light messages take time to come from 
distant objects, it is impossible to be exactly certain of the simultaneity of the events 
which have occurred at those places. But evei» though the exact simultaneity 
of two events as observed may, in practice, be doubtful within certain limits, and 
two different observers moving with different velocities would not be able to agree 
as to the simultaneity of two events, it is not possible to deny that two natural events 
may in reality be simultaneous, and co-existent in the absolute sense For instance, 
it may not be pos>»ibIe to as(;ertain the exact positions winch the Sun and the 
Earth occupy at any given instant, yet it cannot also be denied that they must, 
at one and the same time, necessarily occupy some particular positions, even though 
not specified, as they undoubtedly exist together. Nor can any one dispute the 
simultaneous existence of living organisms Undeniable time-succession of events 
demonstrates the independence of time 

The uncertainty, if any, is purely subjective and should not be confused with 
objective uncertainty. The existence of natural phenomena is not dependent on the 
observation of Man, 1 'hey had exi.sted for millions and millions of years long before 
Man WHS born. Time was running long before Man came into existence. Theoretical 
philosophy should not be founded exclusively ou the practicability of exact measure- 
ments. The human mind is transcendental and should be able to comprehend the 
structure of Nature without any actual visual perception. 

Postulate No XIX.~- Absolute Space is menning/ess. 

The denial of the absoluteness of Time necessitated the denial of the absolute- 
ness of Space also. The classical conception was one of absolute Space and absolute 
Time Time and Space were considered as separate, distinct and independent 
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unite. Space was determined completely by three dimensions, rw., length, 
breadth and height, but Time was an independent variable and could, by no stretch of 
the imagination, be regarded as a dimension of Space Space was the emptiness in 
which material bodies could float about, and could be defined as something which 
was either actually occupied by matter, or was at any rate a void, capable of being 
so occupied Time had a continuous flow, was eternal, atid existed from etei'nity as 
a separate entity. Both Space and Time were existent by themselves independently 
alike of the mind which apprehended them and the objects with which they were 
associated. 

Einstein has revolutionised the old idea and announced that Space and 
Time are inter-dependent and that Time can be regarded as the fourth dimension 
of a new Space-Time continuum. But to combine it with Space he has given to 
Time an imaginary and unreal iiuit as it is not commensurable with Space. He 
has welded Time and Space together so as to form a new hyper-8 pace of four 
dimensions instead of the familiar three. 

There is a partial truth in Einstein^s hypothesis of the interdependence of 
Time and Space In practical measurements it may be difficult to separate Space 
and Time, as the measurement of Space by going from one point to another neces- 
sarily involves a certain lapse of time showing their mutual inter-relation. But Time 
has two distinct attributes by which we can perceive it First, it is measured by a 
change of position in space with change of time; for example a motor car goes from 
one place to another in a definite time. Secondly, Time is measured by a change of 
state, particularly of a living organism, for instance after a number of years a child 
becomes a grown-up lad Regarding the child as an entity, this change is not 
manifested by his altered position in Space, but by his changed condition, namely 
the transition from childhood to youth, involving the development of his knowledge 
and intelligence A four dimensional continuum can artificially describe motion 
and the inter-relation of Time and Space, but not the growth of a child^s ititelligcnce 
with years. It is this second ignored attribute of Time which really demonstrates 
that Time is absolute and independent of Space. No matter how much one may 
deny it, human consciousness of time is very real. 

Postulate No. XK,~~A/)solute Motion is meaningless. 

If absolute Space and absolute Tiaae do not exist, then necessarily absolute 
Motion cannot exist. The old conception of absolute motion which Relativity denies 
was theoretical and not experimental. In actual practice it is impossible to find the 
absolute motion of a body as the observer must himself be ignorant of bis own 
absolute motion This is all very well, but to deny the existence of absolute motion 
altogether is quite another thing, and is certainly wrong. So long as one has only 
two objects to compare, it matters little mathematically which of the two is assumed 
to be at rest and which assumed to be moving relatively to it For instance if we 
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compare the Earth with the starry Heavens* the rotation of the Earth on its axis once 
a day, and the revolution of the entire Heavens, round the Earth once a day may 
be mathematically equivalent All the same it is impossible to accept the Relativity 
interpretation as stated by Bertrand Russell. “In the modern theory the question 
between Copernicus and his predecessors is merley one of convenience; all motion 
is relative and there is no difiFercncic between the two, statements : the earth rotates 
once a day and the heavens revolve round the earth once a day. The two mean 
exactly the same thing If two motorists coming from opposite directions stop 
their cars to avoid a collision, they do not flujg away the earth in opposite directions 
at the same time Or when a boy spins a top, he knows that ho has set the top in 
motion, and would not agree with the Relativist if told that he might just as well 
have set the whole Universe revolving round in the opposite direction 

The denial of absolute motion cannot be carried too far, and its falsity becomes 
at once exposed if the simultaneous rotations of three bodies or more are considered. 
If an ©lectrict fan is revolving in a room, one can say from « purely rnatbeniatical 
point of view that as its motion is only relative, it is not necessarily the fan that is 
revolving in the room, but that the room itself may be revolving round the fan But 
if there be throe or more electrict fans revolving in the room at the same time, it 
would be impossible to treat the motion as a rotation of the room itself round all the 
electric fane simultaneously. The simultaneous observation of a number of angular 
motions demonstrates unmistakably the absoluteness of sucli motions. 

Postulate No XXI — Only Itelatipe Motion is rent. 

After denying the absoluteness of single motion, the only alternative left was 
an assertion of absolute relative motion Einstein has rejected absolute velocities on 
the ground that it is impossible to measure them, and assumes that we can measure 
relative velocities, independently of the absolute velocities But the fact is that just 
as it is impossible to measure exactly the absolute motion of a body, so it is equally 
impossible to measure exactly the relative motion of two bodies. There is really no 
other means of measuring relative velocity than the employment of a messenger 
moving to and fro with a finite velocity. Newton^a Mechanics was designed for a 
superman, who could observe absolute distances, absolute time and absolute 
motion instantaneously and could therefore measure the relative velocity 
exactly But a human observer has to employ a messenger travelling to and fro 
and is not aware of his own absolute motion, and therefore cannot exactly measure 
even the relative velocity of a distant object as compared to himself The value 
obtained by him would vary with the method of measurement selected. If the abso- 
hiteness of Space and Time be rejected, then absolute relative velocity becomes an 
uncertain quantity- Indeed it is just as impassible to measure exactly the actual 
Illative velocity, the difference between the two absolute velocities, as to measure 
the exact absolute velocity themselves. Even Doppler effect cannot really give the 
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exact relative velocity, in spite of the Relativity assumption to the contrary, as fre- 
quency should depend on whether the source or the observer is movinjr- 

P08TULATK No. XXIT. — The poHlulafe of hirnrimfre is tfol only true ftyr an 
infinitemmally small regimi but holds good for Ughl even iu a larger region, 

80 that + 

Keeping y^y^ and the following Lorentz transformation forrnulai 
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happen as a particular case to satisfy the above eqtiation. It is then assumed con- 
versely that the single equation 

2 ^ i2 t 2 2 i 1 

11“ -err —x' —c^r 

necessarily leads to those trai»sforniation formulae But obviously one sii»gle 
equation cannot yield vnlues of both x and t in terms of and separately, even 
quite apart from the undeniable difficulty that x and ict are iri themselves inter- 
changeable 

Then a lictitious geometrical meaning is given to these formulee by a supposed 
artificial rotation of the spatial axes round an imaginary axis of time. 

Analogous transformation formulaj are obtained for ; 

(a) relative velocities, and 
' h) relative accelerations. 

Previously Space which was eqnivuhint to volutne was fixed by length, breadth 
and thickness. But in Relativity length has no definite meaning; it depends on the 
velocity of the body, and contracts in the dtrection of motion, but not transversely. 

Even though the contrsiction is not physical but perceptual, it involves an 
obvious paradox of a rotating ring. Its circumference would contract because the 
motion is along its length, but the radii which move transversely will not contract. 
To circumvent this absurdity, a further assumption is made that the particle density 
of the ring alters, But the question of density with regard to a theoriticnl circum- 
ference is beside the point In any case change of density cannot prevent the 
enlargement of the circumference while the radii remain unaltered. Even when 
correction is made for acceleration and density, the anomaly is removed only 
approximately and not exactly in accordance witli liorentz^ transformations. 80 in 
principle the objection is fatal. 
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If a right*anf^led triangU* be moving with velocity-parallel to its* base, then its 
sides which originally were o, b and become n, /> \/] , muW 

4/1 i ^^cos^ oc . 

^ 1 wtiere <=>= is the angle between the base and the hypotemise, 


So that when*^ approaches ^yand v increases, the hypotenuse will become 
greater than the sum of the other two sides — — a serious objection. 

The formula for relative velocity is ^ * 

1 -- ^ 

e* 

lake a voalocity slightly less than c, say (c ~ e.) where e is very small. The rela- 
tive velocity of light to this is ^ ^ =/» 

Hence when e approaches zero, so that the other velocity approaches to that 
of light and almost equals it, the relative velocity is siill that of light! Incom- 
prehensibility could hardly go further 

On the other hand, “ If the fundamental velocity is exactly 300,000 km/seo, 
and two points move in the same direction with speeds of 300,001 and 290,000 km/sec 
the speed of one relative to the other is 180,000,000,000 km/soc.’’ (Paddington). As 
the difference between the two speeds approaches zero, and they both have the same 
velocity, their relative velocity tends to infinity ! A mere assertion that velocity 
greater than light is impossible is not an explanation but another postulate. 


PostulatK 'No XXIII — The ?Homentum is not ih^ mass rniilHpHed by change of 


position dx per lapse of interval dt 


r ^ dx\ 

L d t y 


hut is m 


dx 

ids 


The principle of the conservation of momentum is that the product of the 
mass of a body and its velocity remains constant, if there is no external force acting. 
This conservation cannot hold in Relativity £)instein has therefore» iu order to 
deduce a principle of conservation, modified the definition of momentum itself 

dt 


Postulate No XXIV.— The mass of a body is not m but M^m 


ds 


In classical mechanics the mass m remained constant even if the velocity chang- 
ed. But in relativity the so-called electromagnetic mass Jf is no longer an invariant 
for a particle, but depends on its motion relative to the different observers^ different 
m 


space-time. M - 


V'l-.E 


r|, /.e, mass changes with the velocity. But the velocity is 
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not absolute; it is relative. Hence mass al(?o has no definite tneaning; its value is 

merely relative to an observer. 

And yet Relativity cannot altogether get rid of the inertial mass, which is the 
proper mass of. a body. This so-called ‘ rest mass ’ of a particle, where v=o. is real. 
The conception of mass being dependent upon velocity is accordingly inexact. 
As in classical mechanics, a body assumed to be at rest must have ai» invariable 
rest mass. We thus come back to an intriiisic rest mass dependent on the inertia 
of the body, and quite independent of th<* velocity which it may possess “ a constant 
number, the invariant mass denoting its absolute inertial properties and remaining 
unaltered throughout the vicisaitudes of its history ” (Eddington ) 


PosTULAra No. XXV — The Energy is the relutire mass multiplied In/ the 


square of the reloci ty of light. E = 


y* * 


If the conservation of mass were represented bv ^ then the classical 

vi-r.; 

c 

law of conservation of energy I'li has also to be abandoned. Einstein has there- 
fore had to frame a new definition of Energy. But still more serious difficulties arise. 

When radiant heat which is electromagnetic mass (energy) falls on matter, its 
temperature rises, the increased energy of motion of the molecules causes an increase 
of electromagnetic mass (M) and therefore also the rest mass f/w), since it is equal 
to M for a body at rest But the electro-magnetic waves have no rest mass, and 
BO the inert ase of intrinsic rest mass is created out of nothing The only explana- 
tion which relativity can offer is that “ invariant mass is not conserved in general 

The invariant mass of a (body) is not exactly equal to the sum of the 

invariant masses of its constituents.^^ (Eddington.) This is contrary to what was 
assumed before. 

If a positron and an electron coalesce and annul one another, their electro- 
magnetic mass can pass into electro-magnetic waves, but the rest mass would have 
to disappear into nothing and would have to be completely annihilated. 

If helium were formed out of hydrogen, part of the invariant mass m will 
have to be annihilated^ and a corresponding proportion of the relative ma«s M wilt 
be liberated as radiant energy. 


PosTUi^ATE No XXVI.— 7’Ae density of a body is dependmt on its velocity* 

As the volume of a body varying with its dimension in the direction of motion 
is not absolute, the particle density necessarily becomes a relative term. 
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PosTCJLATE No. XXV 11. — The action is not {hnv^tit) hut inds^ Mdt, 

This is a necessary result of all the changed definitions of mass, time and 
energy. 


Postulate No XXV [II. — Absolute fentperaiure of a body has no significance. 


the relative iemptraUtre is, 1'' 


T 



As both Entropy juid temperature cannot be invariant in Relativity, Einstein 
assumed that although Entropy is invariant, temperature is not so. 


The General Theory 

The method of developing the General Theory as adopted by Sir Arthur 
Eddington is here taken as the standard 

Postulate Nf). XXIX — The interval between tivo neiqhbonring events is 
represented by a quadratic funtdion of the diflerences of their co-ordinates. 

= 2 dx^ dx^ 

and not a general (piartic function of the differentials. The more general forms is 
assumed to be inadmissible. 

Although the first derivali\es of g^s can by transformation of co-ordinates 
be made to vanish at any selected point, the second derivatives do not necessarily 
do so. Thus even in a .small region th<» g* s can be treated as constant only 
approximately. 

Postulate No XXX. — There is a small region of the world throughout which 
the g*s are constant as compared to the differentials. 

In an infinitesimal region the g*s can be treated as constant only if they do not 
themselves involve differentials. 

Postulate No. XXXI — The real interval can be represented by a term admit: 
ting imaginary co-efficients 

Without this assumption the reduction to the sum of four squares of complete 
differentials can not be always possible. The quadratic function is then expressed 
as an exact sum of four squares. 

Postulate No XXXII.— 0/ the four co-ordinates of a real event, (1) three are 
real standing for spatial co-ordinates, and (2) one is unreal standing for temporal 
co-ordinate. 

These two assumptions are made in order to exclude the other possibilities of 
the real or the unreal character of each of the four co-ordinates. Theoretically we 
can have not only time-like but also space-like structures If four co-ordinates are 
F. 3 
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to be chosen, tben instond of (i 3+ 1 dimensional world, we can have •-> + 2, or 1 ♦ 3, 
Or 0 + 4 or 4 + 0 dimensional world, lending to other absurdities. 

Einstein has assumed ■ dy '~dx 

PosTCi-ATE No. XXXUl-The frack of light inn small region is a geodesic. 


withds=o. 

To condition ds-o for light is a necessary result of the postulates of the 
Special Theory. 

Postulate No XXXIV.— What is true in an infiniUly small region, is equally 
true for a large region, and ds=o holds true for light relocity nil along the track even 

in a large region. , 

If the reduction into a sum of four squares was only approximate and not 

absolutely exact, then the same result cannot bo presumed for a large region. 

Postulate No. XXXY ~The path of a freely nioring particle in a grnrita- 


tional field ift alicayn a geodesic. 

The (lifierentiiil equntions of the tracks in a non-gravitationai held are written 
as -- 7 ' etc., which on integration give j* ifs is stationary. Then the generalisa- 
tion is made that the particle moves in such a way that 


I ds is stationary for all arbitrary small variations of the 


track. In mathemAatical language. 


d‘xa 4. 


pv, a 


) dx, 

i ds ds 


•=^0^ (a=l,2,3,4) 


Postulate No. XXXVL— 7%e most general form of ds^ in a gravitational 
field contains co-efficients which are purely functions of r, 

When expressed in polar co-ordinates it takes the form — 




where r may represent the distance from the source. 

Postulate No. XXX VII.— The latv of gravitation in empty space is 

{ Hv, o ) + { lio. d j { vP, a ] -r 

{pv, o j~^logy^*o 

This is quite an arbitrary assumption. 

Postuiate No. XXXVIIL— Bj/ transformation alihovgh rfs* remains inra^ 
rianU the eo-effidents of d^^ and are unity. 
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II we transform the expression by substituting r* for r* V (r\ nnd reduce the 
sceood to unity, the significance of r as the distance from the source would 

disappear. On the other hand if the significance is retained then an assumption 
must be made that the co-efBcient is unity. 

The first and the lust co-efficients are expressed ns approximations of expo- 
nentials and and not in the more general form 1 ^ * 

Postulate No. XXXIX — A parficula)' soluHon of obtained by Schw* 
nrxsehild gorenia the form of planetary orbits. 




dr^ 


o 



— r’dfi’ - r®sin*^£/<A* + 





The get^eral solution has not yet been obtained. Other partvevdar aolntvons 
mny also be possible. 

The differential equation involves a constant equal to the velocity of light. 
As the gravitational effect is experienced by planets over millions of years, not 
necessarily observed by Man, there is no reason why the velocity of light should 
enter into the orbital equation. One may on the otlier hand expect that the constant 
of velocity i.s the velocity of gravitational influence. But in Relativity the velocity 
of gravitation has no meaning at all; it is neither infinite nor definite, as Eddington 
has said, *‘If co-ordinates are chosen so as to satisfy a certain condition which lias no 
clear geometrical importance the speed is that of light; if the co-ordinates are slightly 
different, the speed is altogether dilferent from that of light. The result stands or 
falls by the choice of co-ordinates/' 

Postulate No. ILIj ^ a gravitatiojml field of force is prensely equivalent to 
artificial field of force, so that in a smalt region it is impossible to distinguish beUveen 
the Uvo. 

The artificial field of force centrifugal force) can vary according to the 
system of co-ordinates chosen. But iii a large region it is not at all possible to get rid 
of it altogether by any choice of co-ordinates. There is an irreducible field of force 
which can only be ascribed to gravitation. 

Postulate No. XLI. — The principle of action at a distance is false; afield 
theory h real 

But if action at a distance is denied then there arc only two possible ways in 
which influence can reach a distant point. Either some thing travels bodily, or there 
is a medium which conveys it. If we deny both these, a field at a distance cannot 
come into existence at all 

Although denying the existence of any material medium or other, Relativity has 
to attribute to Space definite properties, for example that of curvature, thus making 



( 24 ) 


8piice no longer the bare void of old, but posBesain^ properties, like a medium The 
world no longer consists of particles of matter or electricity with featureless inter- 
spaces, and an army of mathematical symbols is now required to describe wliat is 
going on in these inter-spaces The ether itself is as much in the fore as ever it was 
before. Thus while destroying the old ether, Relativity has created a new species of 
ether, under the nomenclature of a new kind of Space endowed with mysterious 
properties 

Postulate No. XLU — Space- Time h not fhti hat is either {\) cylindrical 2) 
spherical or (3) elliptical 

The old Euclidean Geometry has had to be complete! \ over-thrown and discard- 
ed. This tiew kind of Space is boundless yet limited and finite, because it bends 
upon itself and so gets ultimately closed iip to form a finite domain The old philos- 
phor may well ask ; If Space is finite, what is beyond it? A Relativist would say that 
beyound it is non-Space But according to old ideas, even that non-Space was 
Space itself as though not actually occupied by anything, it was capable of 
being occupied by something. Of course, if it were the finitencss of the material 
world it would be oompreherisible. 

Eiustein^s world is cylindrical - curved in three space dimensions, but straight 
in time dimension. Straight lines do not go straight, but get curved, and benditig 
upon themselves return to their starting points in a definite period But if space is 
not absolute, to what points do they return ? And if time is tmt absolute, in what 
period do they return ? 

De Sitter’s world is spherical, with all dimensions curved Time runs faster 
and time-clocks slow down with distance Space is finite and yet its finite limit is 
incapable of being reached except in infinite Time, because Time is made to slow 
down with distance and ultimately becomes stationary at about half-way. In this 
part of the World nothing ever happens, everything remains for ever just as it is. 
Hence it becomes the abode of immortals, as change being impossible even death 
cannot come There is an eternal barrier of Time which cannot be crossed Even 
light cannot complete its voyage round the world. But as everything is relative, 
people tliere would find that we here never die. 

No body can travel faster than light, and Time itself becomes stationary at this 
Hpoed If one were to travel with light at this velocity from a distant nebula and take 
IfiO million years to reach the Earth, the time actually taken in the journey according 
to him would be exactly nil, for at that speed Time had become stationary. In 
Quantum Mechanics phase velocity is always greater than that of light And in an 

expanding universe, nebuhe should after a certain distance acquires velocities greater 
than that of light. 

But these mathematical structures of the world leave it uncertain whetber the 
imaginary curvature of Space is positive, zero or negative, for Relativists are not yet 



( 25 ) 


quite agreed among themselves about it. Einstein^s Universe is an unstable 
Universe — containing a vast quantity of matter uniformly spread throughout Space 
but having no motion. De Sitter^s Universe contains motion but no matter — he has 
merely swept matter into the distant horizon of Space Milne applies hydro-dynand- 
cal equation.s of motion and continuity, as if the Universe consists of a huge mass 
of fluid with all the properties of a perfect fluid. But when the Universe is seen 
from the inside as we observe it from the Earth, it appears to consist of large con- 
densations of mas.s moving relativly to one another, and with large empty spaces 
in between. When thus observed, it has neither Kir»steirds motionlessness, nor de 
Sitter^s material-lessness, nor Milners fluidity. I’he actual Universe which we s(*e 
has no resemblance to atiy of these three models. 

As each of tlic four co-ordinates can be either curved or straight, there can be 
sixteen different models of the world. 

PosTULATK No. XLTIl. — Thr Universe is expanding. 

The Universe was in a state of unstable equilibrium It started expanding 
at a tremendous speed, but might well have started shrinking. Einstein has changed 
his law of gravit ition into = where A is a supi)osed universal constant. The 
result of this is tliat all parts of it are flying away from one another But at least 
two n6bula3 appear to be actually approaching When asked what is it inti) which 
this Universe is ex|)anding, the Relativist would reply that the new four dimensional 
Space-Time is expanding into a continunrn of five dimensions. But does that at all 
convoy any meaning or sense to us ? In Dynamical language this supposed ex- 
pansion would involve the existence of a cosmic force of repulsion between two bodies, 
which not only acts at a distance, but curiously enough its intensity, instead of de- 
creasing with distance increases as the distance between them increases, with the result 
that the whole Universe is exploditig away. But everything according to Relativity 
is relative, and so this expanding Universe ought to be an exact equivalent of the 
shrinking Atom which would mean that the Universe is collapsing at a prodigious 
rate. 

Postulate No. XLIV — The periods of vibrations of atoms vary with the 
gravitational field- 

Einstein has derived the period of vibration from the difFerentiai equation by 
assuming ‘*an atom to be momentarily at rest/^ which it can hardly ever be This 
slowing down of the atomic vibration is independent of de SittePs slowing down with 
distance. 

Postulate No XhV ,-^Hegions actually occupied by matter are cut out of 
Spac0-7%me altogether. 

This is because Space-Time conception is unable to account for it. “The ex- 
istence of an electron contradicts the electro-magnetic laws with which we have to 
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work afc prcflent, so that from the pres^^nt stainipoint an olc-ctron at rest in no external 
field of force is a inirn?Je. An olci'tron in an external field of force having 

the (derived) acceleration is pre<nseiy the same mirncle^^ (Eddington). 

PosTULATK No. XLVL — There is uo limit for the trurnber of dimevsious of 
^pace- Time. 

“The problem of two bodies on Einstein^s theory remains an outstanding chal- 
lenge to mathemuticiaiifi — like the problem of throe bodies on Newton^s theory 
(Eddington ) The motion of the Moon can be determined only by treating the mass 
of the Moon as infiiutcsinial, altliough it is one-eightieth of that of the Earth 
Hie problem of multiple bodies is altogether insoluble If the interaction of a million 
stars were to betaken into account, Space would Imve four niillon dimensions, because 
each star has its own separate and independent Spacial and Time co-ordinates which 
have nothing in common between them 

Further Postulates arc made for electro-magnetic action, gravitational waves, 
energy tensor and generalised wrirld sfructnre 

Einstein^s Postulate appear to be unconvincing; and llicir acceptance would be 
diflficiilt when oliservations show largo discrepancies. His mathematical analysis is, 
however, superb and flawless It seems as if a luagnificenl, super-structure has been 
put on unsound foundations. ()ne wontlers whether these results might not be mere 
misinterpretations of Nature, and in reality nothing more than mere artificial mathe- 
matical devices for expressing something imperfectly understood. As the assumptions 
are only approximately true, they give tolerably good results so long as velocities 
are small compared to tluit of light; but as (hey are neither rigorous nor exact, the 
philosophy based on them i.s irrational and t))e dedutjtions incomprehensible 



ADDRESS OF THE PATRON 


fcjPKKCH BY Hts Exchulkncy Sift Mauricr Hallett. K.C.B.L, CLE., I C.S., 
Governor, United Provinces, at The Annual Meeting of the 
National Academy of Sciences, Allahabad, 

ON January 13, 1U40 

Mr. PitEsiDKNT, Ladiks and Gbntdemkn, 

Tho National Academy of SciiMiccs have done me a great honour by 
asking me to b(* their Patron and inviting me here to-day, I must confess 
that I have accepted this honour with some trepidation, for I feel myself to be 
very unfit to be the Patroti of an Academy of this kind. Having had the benefit 
of a classical education (perhaps some here would prefer me to say having been 
handicapped by a classical education) rny knowledge of science is infinitesimal, 
while my knowledge of mathematics is even less, if I may give that somewhat 
unscientific description of my ignorance. I feel even more ashamed of my 
ignorance after listening to the ndiiresses given by the President and by the 
Chairman of the Reception Committee. The President, I understand, regards 
the study of higher ma the aia tics as a relaxation, for during the many years 
that he has held witli distinction a very high jtidicial office in this province, 
he has devoted his spare time to this abstruse study and has set nu example 
which many of us might well follow. Now that he has greater leisure, we may 
hope that he will be able to make even further valuable inve.stigations into those 
problems which he has put before us this afternoon. 

The Chairman of the Reception Committee, though not a scientist himself, 
has shown that he has acquired a very good working knowledge of the subject, 
for at least he knows what the scientist wants to carry out his work, Tt is 
indeed unfortunate, to use a somewhat mild term, that the mad policy of one 

nation, perhaps I slionid say of one man, apart from its more direct results, has 

had the indirect result of hadieapping throughout the world scientific investi- 
gations, stich as those whicli have been carried on by members of this Academy 
and by students in this University of Allahabad. Many scientists tlironghout 
the world are, in view of present conditions, forced to devote their attention 
to what I may call war problems, many must be occupied in considering what 
new methods can be devised for destroying humnii life; but on our side the 
attention of our scientists is directed rather to tlie problem of how to protect 
human life, whether it be threatened from the air, or at sen, or on the fighting 

front We cannot help feeling regret at what may appear to be an unprofitable 

investigation, but we must remember that results obtained in war time may be 
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put to profitable use when peace is once more restored to this harassed world. 
When the last Great War started, aeronautics was in its infancy, and it was largely 
due to experience gained during that struggle that this science made such very 
rapid progress. I fad it not been for the scientists who examined the probiera 
of aerial flight, arid the pilots who tested the results of these investigations 
in pra<'tice, it is probable that the world would have had to wait much longer 
for that efficient system of air communications which exists today and by which 
this country is brought within a very short distance of Europe and the centre 
of the British Empire. We may, therefore, be optimistic enough to hope that 
the investigations whi(.*h are now being carried on for the purpose of the war 
will prove profitable to the world at large when peace is agnin restored 

The Chairman has, however, raised a more practical problem, and as it not 
infrequently happens when I attend a meeting of any kind, he has put forward 
a request for financial assistance from Government His demands appear modest 
but as some of you may perhaps recognise, the fifmnci.al j>osition of this province is 
such thnt it is not easy to uumt even the most moderate demands. He has suggested 
that chemicals might be manufactured in this University, both for use in the labora- 
tory and for public consumption It is possible that some of the big industrial 
undertakings in fudia might also help in this important work, and the present diffi- 
culties which arise of obtainirig these articles from foreign countries may facilitate 
their manufacture on a commercial scale by industrialists in this country. I need 
not say more on this subject, save to give tlic Chairman an assurance that his detailed 
scheme will receive my very earefnl consideration and that I will certainly do all 
that is possible to help in this important matter. 

When f WHS considering what I sliould say on this occasion, my attention was 
drawn to the speech delivered by a very great predecessor of mine, Lord Hailey, 
when he attended the inaugural meeting of this Academy some eight years ago. 
I cannot refrain from referring to that speech. Lord Hailey drew atterjtion to the 
fact that mere addition to knowledge, as such, doe.s not necessarily make the world 
happier. He raised doubts whether some improvement in the comparative annihila- 
tion of distance or the more rapid transference of thought really made our live® 
happier. He was speaking eight yen r.s ago, long before India was connected with 
the other parts of the world by an efficient air service, long before “ wireless was 
as universal as it is to-day. I must admit that I too share those doubts. I recog- 
nise, as did Lord Hailey, that improvement in health is a very definite addition to 
human happiness and we must welcome every discovery by medical scientists which 
tends to alleviate human suffering. We must also in this country welcome the 
investigations of agricultural scientists which result in making two blades of grass 
grow where formerly there was only one, and we recognise with appreciation the 
work that has been done to improve those crops which are of vital importatice to 
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the cuitivRtor. But the main point of this portion of Sir Malcolm^s speech im*y be 
made clear by quoting this question which he put to his audience — Can science 
do anything to aid the moralist in removing some of the malevolence which does 
actually seem to form a part of common human nature and which continues to thwart 
the progress made by the growth of the social sense?'' That is a question which 
is even more pertinent today than it was eight years ago; then tarifiF wars, economic 
disputes and difficulties over the problem of disarmament merely created a sense of 
insecurity which was in itself a source of mischief and unhappiness. We are now 
beyound the stage when dangers to the peace of the world were anticipated; we are 
faced with those dangers on every side. It is pertinent to ask the question ; Can 
science help us in the problems which will certainly arise once this war is ended; 
can science help us to stamp out that evil of malevolence whi(di is the main cause 
of all these troubles with which we are now confronted? I cannot do better than 
quote the concluding sentence of Lord Haih-y's address when he said; “ If we can 
link up the energies of scientific men with the other agencies which are working 
for our betterment, then perhaps we may get a synthesis of effort which will mould 
the human character into something nobler than the shape which it now presents." 
I too have that optimistic feeling in these dark days and I trust I may be able 
to preserve it in the even darker days which may lie ahead. It we all strive for 
the betterment of the human race, whatever may be our particular form of study, 
that synthesis of effort cannot fail to achieve its object 


F. 4 



VOTE OP THANKS 


III proposing the vote of thunks to HU Excel leney the Putron, Prof. Y* Bha^ 
radwnja, M.Se., Ph.T)., F.L.S., F.N.I.* Ft llow of the National Aeadamy of Sciences* 
India, spoke as follows : 

Youk Excklijexcy, 

On behalf of the Fellows and the Members of the National Academy of 
Sciences, India, it is my pleasant duty to oifer our thanks to Your Excallency and 
express our gratefulness that you have been pleased to find time in the midst of your 
multifarious engagements to preside over this function. Under Your Excellency's 
kind patronage, this Academy, which has already done good work not only in the 
dissemination of scientific knowledge, but also in stimulating original investigations 
and research in various branches of science, will, I am sure, prove itself more useful 
in the service of the country and the mankind We feel highly honoured by" Your 
Excel)ency^s presence. The keen interest that Your Excellency has shown in the 
welfare of the Academy will give great encouragement to all the Members and 
sympathisers of this Institution- I once again thank Your Excellency for having 
been pleased to preside ever this Annual Meeting. 
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APPENDIX 1 


Programme of the Ninth Annual Meeting of the Nationai. 
Academy of Sciences, India, Allahabad 

Saturdayy January 1*% 1940 

2-55 P.M. — Reception of His Excellency the Patron of the Academy, and Lady 
Hallett in the portico of the Mayo Hall, by the Members of the Council 
of the Academy in their academic robes 

8 P.M. — Annual Mectinjy in the Mayo Hall, Allahabad 
( 1 1 Secretaries' Report. 

(2) Welcome address by the Chairman of the Reception Committee. 

(3) Address by the President of the Academy. 

(4> Speech by His Excellency thcj Patron of the Academy. 

(5) Presentation of the Education Minister's Gold Medal 

(6) Announcement of the Office-Bearers for 1940. 

(7) Vote of thanks to His Excellency the Patron of the Academy. 

4- 30 P.M. — “ At Home " by the Hon'ble Sir Shah Muhammad Sulaiman, Kt, M.A., 

LL.D., D.Sc,, F.N.L, the President of the Academy, to meet His 
Excellency the Patron and Lady Hallett in the Mayo Hall compound, 
Allahabad. 

5- 30 P.M. — Popular lecture on “The Physiological Bases of Right and Wrong 

by Dr. W. Bnrridgo, D.M., M.A (Oxon.), Professor of Physiology, King 
George's Medical College, Lucknow, in the Mayo Hall, Allahabad, 

Sunday, January 14, 1940 

10-30 A.M.— (1) Meeting of Section I (Chemistry, Physics and Mathematics) under 
the presidentship of Dr. N. R. Dhar, D.Sc., F.C.S..r LE.S,, F.N.L, 
Deputy Director of Public Instruction, U. P., Allahabad, in the 
Physics Lecture Theatre of the University. 

{<?) Presidential Address 

(b) Reading of and discusston on original papers. 

(2) Meeting of Section 11 (Zoology, Botany, Geology and Agriculture) 
under the presidentship of Prof. B. Sahni, D.Sc., Sc.D., F.G S , 
F.E,8., F.N.I., Professor of Botany, Lucknow University, Luck* 
now, in the Botany Lecture Theatre of the University. 

Reading of and discussion on original papers. 

31 



( 32 ) 


6-30 P M.— “Popular lecture on “New ideas and practices in land improvement 
by Dr. N. R. Dhar, D Sc., F.C8., I E S., F.N I , Deputy Director of 
Public Instruction, U. P., in the Physics Lecture Theatre of the Uni- 
versity 

8 PM. — Dinner in the Vizianajjram Hall, Muir College Buildings, Allahabad. 

Monday, Jamiary 15, 1940 

10-,30 A.M. — (1) Meeting of Section I in the Physics Lecture Theatre of the 
University. 

(n) Lecture on “ The nature of degradation of the strychnine 
molecule by Dr. R. H Siddiqui, MSc , PhD , D.Phil., Che- 
mistry Laboratory, Muslim University, Aligarh (U. P). 

(b) Reading of and discussion on original papers. 

(21 Meeting of Section II in the Botany Lecture Theatre of the Uni* 
versity. 

(a) Presidential Address 

(h) Reading of and discussion on original papers 

2-15 to 4-14 PM.— Excursion to the Allahabad Agricultural Institute, Naini. 
Exhibition. 

Members willing to go to the Naini Agricultural Institute are 
requested to assemble in the Botany Department of the University 
at 2-15 p.m. sharp on Monday, January 15, 1940. 

4-15 P.M* — Tea by the Principal and the Staff of the Allahabad Agricultural 
Institute, Niiini. 
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APPENDIX 4 

THE PHYSIOLOGICAL BASES OF RIGHT AND WRONG 
By W. Burbidge, D M., M.A. (Oxon.). 

PR0FK880R <>K PHYSIOLOGY, KlNG HkOUGK’s MkDICAL OoLLKGE, LuCKNOW 


Ladies and Genti-kmen, 

This evening I wish at the outset to introduce you to the idea that the brain 
is nn instrument or machine with which we do our thinking. To appreciate that it 
is such an instrument is of the highest imporbince and some idea of this irnportanc^-* 
can be gatlierod by considering the following little tale. 

Imagine to yourself an inhabitant of Mars wdio has flown through space and 
alighted on one of those corner buildings overlooking the four cross roads in John- 
stongunj. From his coign of vantage he watches the policeman directing the 
traffic which in a modern city like Allahabad consists solely of motor ears ! After 
watching the flow of traffic for some time he begins to speculate ou what he has 
seen, but his speculations have to be done without knowing that motor cars are 
self-propelling vehicles, and that they have drivers. I would therefore ask each 
of you next to consider what reasonable conclusions can the Martian draw from 
the facts which he has observed. So far as I can judge, the only conclusions that he 
can reach are that a waving policeman's arm somehow or other confers motion on 
these vehicles, and that when held in a certain position it inhabits the movement 
of motor cars. 

These conclusions are correct so far as they go. Beyond that, in absence of 
knowledge of the mysteries of motor cars, our imaginary Martian can but speculate 
how a policeman's arm can exert these powers, and only by chance can he get at 
the truth in absence of knowledge of the workings of motor cars, 

Now, when any one of you starts thinking about any problem, or examines his 
conscience, or does anything of that sort, you are exactly in the position of that 
imaginary Martian watching the traffic. For when we start thinking we see a 
succession of mental pictures, but we see nothing of the machinery which produces 
the pictures. And unless we are acquainted with the picture-producing machinery 
we can get no further tiian oiir imaginary Martian framing hypotheses concern- 
ing the powers in the policeman's arm* 

Such being the case any one plausible theory of the powers possessed by 
the policeman's arm is as good as any other. Consequently, after anyone has 
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produced a plausible theory about this he tends Uy become the founder of a school of 
thought. E^^ch school will accept as an axiom the belief that the policeman’s arm 
possesses certain mystic powers* they will differ among themselves concerning the 
nature of the powers and how they are exerted. You may take it that what is 
termed the New Psychology is based on accurate observation of cerebral traffic 
control* but nowhere; gets further than ascribing powers to the policejnan’s arm 
You may father take it that any school of psychology, which does not evei*y where 
endeavour to correlate psychological phenomena with the activities of the machinery 
provided to us to do our thinking* gets no further than speculating about the 
powers of the policeman’s arm Introspection and direct observation likewise get 
one no further 

A further essential to an understanding of the cerebral machinery is to put 
aside all oneV d^'^b’es and hates and ttike the detached view. We can do this fairly 
simply if we look on the brain as a television-talkie apparatu.s reproducing inside 
that brain the results of activating its various receivtTs. The eye* for example* is 
not the place where we see. It is the receiver or periscope for surveying the outer 
world, and the impressions which it receives from that outer world are transmitted 
through nerves to the television screen in the brain T cannot give you the 
slightest idea as to where that screen is or what it is. I can only tell you that a 
television screen is the nearest approximation to th(‘ nature of the mechanism 
actually involved. 

Once, however, one has grasped the idea that the brain somehow or other acts 
as a tele\^ision-talkle apparatus, it simplifies progress to the next stage where we 
appreciate that the machiner>^ can go wrong. 

Now the machinery presents us with two groups of pictures, those of itnpres* 
sions actually being received at any moment from the world around us and those of 
our memories. In respect of memories the brain can be regarded as a combination 
of gramophone and cinema film 

Everyone is born to place implicit faith in what he sees and in what he remem- 
bers. But also it is the rule for men to effect artificial alterations in their mental 
pictures and they do so by drugs. As a rough generalization with many exceptions, 
the West effects these changes through alcohol, and the East through opium. 

The drunk man, however, has the same implicit faith iu the altered pictures 
presented to him by the altered activities of his cerebral machinery as he had in the 
pictures which it presented to him when he was sober. Also, ns when sober, his 
actions strictly accord with the pictures that ho actually sees* Hie actions Acre- 
fore change because the pictures are changed. 

Insanity is also based on altered pictures, but with the alteration effected in 
these cases by disease processes* These disease processes alter the working of the 
cerebral machinery and so produce distorted pictures and ideas. The insane 
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individual believes in the distortions which he finds just as sane people believe in 
what they find* But the insane^s actions accord with the distorted pictures 
that he finds. 

I draw your attention to insanity and drunkenness because of the evidence 
afforded by them of the fact that an individunPs ideas of what is rip:lit and wrong can 
be changed by processes that are essentially earthly as opposed to what is termed spi- 
ritual. We must possess inside our brains some mechanism^ differentiating between 
right and wrong, which so pertains to the flesh that its activities can be changed 
by such a material agent as alcohol. Consequently the more wo can learn about the 
roode of action of alcohol on living structures the more we shall lenrn about the 
nature of the mechanism that differentiates in us between right and wrong. Experi- 
ments with alcohol done in Lucknow throw considerably new light on the actions of 
alcohol on living structures. 

Wc may now digress to point out that men everywhere in this world divide 
things into the good, bad and indifferent This division, however, is not inherent to 
the things themselves but to the rnind.s that make the division. For when wc survey 
the world what we actually survey is a series of pictures presented to us by the pro- 
cesses at work in our organs of mind. Consequently instead of looking for evil in 
the thing itself we should search for some particular type of cerebral activity 
mediating to us the idea of evil and good, respectively. Further, since nil men make 
this division into the good, bad and indifferent, we should, for it is something 
inherent to the nature of the machinery with which we do our thinking. This, of 
course, is an inversion of the usual sequel of argument. Hitherto it 1ms been the 
rule for men to seek the solution of the problem of good and evil in the world 
external to them. Now, because we find that all men believe in the good and the 
evil, wc deduce that there must be something in the nature of the thinking machi- 
nery that makes the division for them. Accordingly we seek a machinery that would 
do it The machine capable of this hns the nature of a one-stringed musical 
instrument. Medical men would call this instrument a rhythmical structure, but for 
purposes of popular expositioji it may be regarded as an instrument always ur»der- 
going waves of activity or producing vibrations at so many cycles per second. 
Somewhere or other we have a receiving apparatus which transforms these vibrations 
into music, or vision, and so on. 

We have, however, a limited capacity to interpret these vibrations and infor- 
mation on this is afforded by the known phenomena of sound, Most of you are 
doubtless aware that a musical note is based on vibrations set up in the air by the 
instrument emitting, and that these air vibrations are detected by the ear. 

Now, if middle C bo accepted as the note produced by a wire or string vibrating 
at 256 times per second, then, wires which vibrate at 255 and 257 actually produce 
different notes. We, however, cannot directly appreciate these others as different 
F. 6 
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notoH. We must still cull them C, yet we appreciate also that they are somewhat 
sharp or flat respectively. Eventually of course, sharp C becomes 0 sharp, but none 
can exactly distinguish where sharp C ends and C sharp begins. 

When, then, we interpret the vibrations or cycles of activity taking place in 
our brains, wo do not detect individual wwe-lengths as it were, but lump a whole 
grotip together and regard them as generally alike but with minor differences between 
thorn. 

A rhythmically active nerve cell provides the same possibilities as does a one- 
stringed musical instrument. First of all, it possesses a normal or neutral rate of 
vibration, as it were, from which only two variations are possible, namely, quickening 
or slowing- An agent (juickening these rates in living structures is wanntli, whereas 1 
cold slows them If, then, the meiihanism be of this tyy)e we sho\ikl find warmth 
in one group of ideas and be cold to the oth<‘r. J take it that everybody in ir»y 
audience warms to wbat he finds good, and finds cold in evil. I'hese associations, 
you will now appreciate, havci more in them than has so far beem realised. 

If we next bring to account that limited capacity of the human mind to 
ap|>reeinte differences between neighbouring vibrations which musics teaches us, you 
will appreciate that the machinery provided three zones of feeling tone; a zone of 
cold tones, a zone of neutral tones, and a zone of warm tones. That is to say, it 
provides the triple division of the good, bad and indifferent. 

If we had been provided with such a machinery as has just been depicted, you 
can easily understand that it c^an run wrongly in two chief ways. A disease process 
or drug might quicken up everything, or everything might bo slowed. If everything 
were quickened, the affected individual would be supremely happy for he would 
find no evil iu his world. Actually he docs become supremely happy but he has to 
be sent to a rncuital hospital because the man who finds no evil in anything be says 
or does is unfit to associate with people who believe otherwise. In contrast with 
this, when everything is slowed, the affected individual can find nothing but evil in 
his world. He also has to be sent to a mental hospital, this time to prevent the man 
from committing suicide. The next time any member of my audience finds himself 
in a fit of the blues he will perhaps, appreciate what is happening inside him. 

So far I have only been able to outline one element of the machinery with 
whicdi we do our thinking. It is also the case that this machine has a limit 
of pi)wer, as have other machines, and that this power is derived from 
two sources of energy. Further, these two sources of energy act together just 
as do the petrol and air iu a motor car. The one source of energy gives us 
judging captunty, the other source provides us with the data we judge. Conse- 
quently, because of the limited capacity of the machine, when the data*energy 
presented to us for judging becomes sufficiently intense we cannot apply enough 
judging-energy to it to judge it properly. You will perhaps, appreciate this if yon 
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imagine yourself seated nt a proper distance from a large loud-speaker whence a tune 
is being emitted. The proper distance, of course, is that at which the music is 
correctly heard or judged. If you next imagine yourself placing your head inside 
the loud-speaker you will appreciate that your capacity to judge the music will 
probably bo thereby considerably decreased. This capacity is decreased because 
the great loudness provides great data-energy and so also leaves no room as it were 
for adequate application of judging-energy. You will find that the same holds true 
of other semsations. 

These two sotirces of energy have, of course, been recognized by men for ages 
as the result of their investigations into the pictures presented to them by their 
ergans of mind. In the new psychology one of them was termed by Freud a reality 
principle, and the other a pleasure-pain principle. Unfortunately, however, they 
have so far been regarded as antagonists instead of co-operators. 

These two sources of energy also provide the bases for our conceptioris of 
time and space, which are for us the great realities. I draw your attentions to this 
because it is certain that there will bo some among my audience who will find my 
lecture too materia ltsti(*. 1 would therefore close on a difterent note. 

Space and time are for us the great realities, and we an; brought into contact 
with them through tlie possession by our thinking machinery of two sources of 
energy, 8o long also as we fail to appreciate the limitations of our thinking machinery 
we can but believe that they are the only realities. Once, however, we apr)reciate 
that our contact with them is based on the possession by our thinking machinery of 
two sources of energy, we can begin to doubt if they are the only realities. We are 
prepared indeed to belie\ e that there may be other realities of whicli our minds 
can form no conception solely because of the fundamental limitations of the pro- 
cesses which underlie our thinking. However self-satisfying it may be, then, to 
imagine that there can be no realities beyond those that we can grasp, a realization 
of the inherent limitations of our thinking machinery should induce us to use great 
care before we deny the possible existence of other realities. 



NEW IDEAS AND PRACTICES IN LAND IMPROVEMENT 


By Dr. N. R Dhar, D.Sc., F.IC., IES, RN L 

Deputy Director of Public Instruction, U P. 

It is well known that the crop yield in India is in general much less than in 
other countries as is evident from the following figures : — 

For rice the figures are us follows : — 


India 

... 1,295 lbs. per acre 

Japan 

... 3,040 „ „ „ 

Egypt 

... -^.783 

The yield of cotton per acre is — 


India 

87 lbs. 

America 

155 „ 

Japan 

... 181 „ 

Egypt 

• • 371 ,. 

Average yield of wheat 


India 

005 lbs. per acre 

Japan 

... 1,526 ,, „ ,, 

Egypt 

... I,o30 „ ,, ,, 

Canada ... 

... 2,202 „ „ ., 

While for sugar comparative returns are 


India 

... 2,400 lbs. 

Japan 

.. 3,340 „ 

Egypt 

... 3,378 „ 

Java ... 

... 11,988 „ 

Hawaii 

... 18,799 „ 


It is clear that the fundamental need for India is to ensure a greatly increased 
return of the cultivation of the soil. By improving the agriculture the standard of 
living can be raised, 

It is estimated that the expenditure on fertilisers in Great Brlttiin is approxw 
mately 20 U of the gross outturn of the crop which is believed to fetch a price of 
250 millon ponttds a year In India the value of the crop produced is estimated to 
be twelve hundred crores of rupees but the money spent on fertilisers is almost 

40 



( 41 ) 


inslgn^ifioant The chief defect of the Indian soil is the paucity of its combined 
nitrogen content; the nitrogen content of the Indian soil is generally half that of 
Earopenn soils and the manurial problem for India is an adequate supply of nitro- 
genous manure 

Researches carried on for a number of years in the Allahabad University 
Chemical Laboratory have established that the nitrogen content of a soil is intimately 
connected with the carbon supply. The carbonaceous compound can fix the atmos- 
pheric nitrogen and thus increase the nitrogen content of the soil and also rebirds loss 
of nitrogen in the form of nitrogen gas from the soil. From a very long time some 
people have emphasised the importance of organic manures but the true function of 
carbonaceous substances in the soil has been discovered in the Allahabad University 
Chemical Laboratory. 

Even as early as the middle of the last century, Liebig stated as follows regard- 
ing ancient Rome:— 

“The Hewers of the immense metropolis of the Ancient World engulfed in the 
course of centuries the prosperity of the Roman peasants, and when the fields of the 
latter would no longer yield the means of feeding her populations, these same sewers 
devoured the wealth of Sicily, Sardinia, and the fertile lands on the coast of Africa.” 

Describing mediaeval agriculture in England Prothero wrote : — 

“There was little to mitigate, either for man or beast, the horrors of winter 
scarcity. Nothing is more characteristic of the infancy of farming than the violence 
of its alterations. On land which was inadequately manured, and on which neither 
field turnips nor clovers were known till centuries later, there could be no middle 
course between the exhaustion of continuous cropping and the rest cure of barren- 
ness.” 

Due to the pioneering efforts of the late Prof F. Haber, large quantities of 
ammonium salts are manufactured in most countries but the problem of agriculture 
and of nitrogen conservation cannot be met specially in tropics by the provision 
of mineral compounds on any scale brought about by rapid industrial developments, 
as the nitrogen added as ammonium salts is lost readily from soils specially under 
tropical conditions. 

In a review of work on oi^anic manures by Dr. G, Ruschmann (1933) in 
Biederniann's Central Biatt the following statement occurs:— 

“The Humus Qinestion The humus economy is not only for Germany but for 
all civilized European States with their extensive agriculture, an ever burning 
question. The evils of one-sided measures for manuring assume continually more 
obvious forms. However much mineral manures serve to increase the yield for the 
moment, so much the less can they safely maintain their position. This knowledge 
is spreading both among scientists and practical men In spit^. of constant or in- 
creasing rise of mineral manures, yields are decreasing. , 
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The increase of soil fertility which is the aim of all modern scientific and 
practical effort cannot be attained by mineral manures These by accelerating the 
breaking down of humus, are actually detrimental Increase of crop by improving 
the soil properties, and greater returns by addition of plant foods are two different 
things which are often confused The latter can be effected by mineral manures 
which act immediately. On the other hand, to build up a good soil is a more lengthy 
process. While it is relatively simjdc to maintain the fertility of soil rich in 
humus it is difficult in a soil which is mainly mineral to build up the neces- 
sary humus. 

Arable soil is a living thing. The complaints of insufficient or completely 
negative results with mineral manures are rapidly increasing. 

The humus capital of German soil has, according to Lohnis, a value of 30 
milliards of Reichs-marks although Germany possesses jnainly sandy soil. To 
increase this capital by skill is the important task of both the agricultural and busi- 
ness community. Humus capital puts every other kind of soil wealth on one side. 
Directly or indirectly all plant and animal life is made possible by the soil humus. 
To its increa.se may be systematically employed all those organic materials which at 
present are virtually wasted. The greatest attention should be devoted to the 
albuminous or nitrogen containing organic rejection and residues of human and 
animal life which are admirably suitable for increasing the formation of humus in 
the soil. Unfortunately we are today still far from the general knowledge of what 
great importance attiichcs to ail organics and the energy contained in them which 
comes to ns through the sun\s rays, and which i.s .set free by the decomposition of 
these substances in the soil.'^ 


The Problem oe Nitrogen SurPLv to Plants 

It is well-known that the carbon content of plants is derived through the agency 
of sunlight. From the following arguments it will be seen that the nitrogen require- 
ment of plants and consequently of animals are also due to the sunlight In the recent 
publications from these laboratoiles it has been established that when energy 
materials like carbohydrates, fats and cellulosic substances are added to the soil, 
nitrogen fixation takes place which is always found to be greater in the basins and 
plots exposed to sunlight than in those kept covered although the numbers of 
Azotobacter, total bacteria and fungi are less in the former than in the latter under 
identical conditions. The following experimental results support the above 
important conclusion. 
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Table 

1 kilogram soil -h 20 gms fructose. 
Exposed (Temperature 34'’"-4^’'). 








Azotobac.ter 

Date. 

NH,-N 

N(),-N 

T N. 

T. C. 

Moisture 

per gram of 

Of 

/o 

u 

% 

% ■ 

% 

dry soil iu 
millions 

8-10-36 

original soil 

0-0014 

0-0032 

0-0570 

0-6156 

1-95 

5-2 

25-10-36 

0-0016 

0-0032 

0-0570 

1-3560 

31 

6-1 

11-11-36 

0-0021 

0-0032 

0-0586 

1-2622 

3-6 

13-2 

1-12-36 

0-0028 

0-0032 

0-0608 

1-1518 

3-0 

19-8 

17-12-31) 

0-0033 

0-0032 

0-0622 

1-0264 

3-6 

36-0 

31-12-36 

()•0l'42 

0-0033 

0-0636 

0-8978 

3-1 

34-5 

19-1-37 

0-0045 

0-0033 

0-0646 

0-7614 

3-2 

29-8 

5-2-37 

0-0042 

0-0033 

0-0656 

0-6346 

3-5 

23-5 

22-2-37 

0-0038 

0-0033 

0-0646 

0-6284 

3-0 

1 5-0 

7-3-37 

0-0030 

0-0033 

0-0636 

0-6126 

3-5 

10-5 

29-3-37 

0-0027 

0-0037 

0-0626 

0-6028 

3-0 

7-0 

Nitrogen fixed per gram of carbon oxidised = 1T9 mgin 

Table 

"1 kilogram soil 4- 20 gms fructose 
Dark (Temperature 22*'~3l*). 


Azotobscter 

Date 

NHs - N 

NO„-N 

T. N. 

T. C 

Moisture 

per gram of 

% 

% 

% 

% 

% 

dry soil in 
millions 

8-10-36 

original soil 

0-0014 

0-0032 

0-0570 

0-6156 

1-9 

6-2 

25-10-36 

0-0015 

0-0032 

0-0570 

1-3745 

4-8 

7-2 

11-11-36 

0-0016 

0-0032 

0-0570 

1-3161 

4-7 

19-8 

1-12-36 

0-0018 

0-0029 

0-0590 

1-2429 

4-3 

35-8 

17-12-36 

0-0021 

0-0029 

0-0600 

1-1633 

4-8 

82-5 

31-12-36 

0-C)02f) 

0-0029 

0-0608 

1-0818 

5-0 

136-5 

19-1-37 

0-00:8 

0-0029 

0-0612 

0-9S76 

4-5 

V25-5 

5-2-37 

0-0025 

0-0029 

0-0618 

0-8434 

4-0 

260-0 

22-2-37 

0-0024 

0-0031 

0-0618 

0-7318 

4-5 

275-0 

7-3-37 

0-0024 

0-0034 

0-0622 

0-6126 

40 

290-0 

29-3-37 0-0022 0-0038 0-0612 

Nitrogen fixed per gram o{ carbon oxidised ~ 

0-6028 
6-8 mgm. 

40 

210-0 



Table 

Plot 4 ft. by 4 ft. Containing 4 kilograms starch. 
Exposed. 






Azotobacter 

Total bacteria 

Date 

T. N 

T. C 

Moisture 

per gram of 
dry soil in 
millions 

per gram of 

% 

% 

% 

dry aoLl in 
milliotiB. 

13-2-37 

original soil 

0-0311 

0-3374 

1-5 

1-5 

13-5 

15-2-37 

0-0325 

1-1 5S0 


•-■ 

... 

12-3-37 

00333 

1-0622 

3-0 

6-5 

26-0 

2-4-37 

0-0350 

0-9636 

3-5 

20-5 

65-0 

27-4-37 

0-0305 

0-8618 

4-0 

480 

140-0 

24-5-37 

0-0388 

0-744 2 

3-0 

75-0 

195-0 

lO-li-37 

O-04O7 

U-5792 

3-5 

70-0 

230-0 

11-7-37 

0-0424 

0-5.594 


76-0 

215-0 

27-9-37 

0-0411 

0-4684 

4-0 

35-0 

175-0 

Nitrogen 

fixed per gram of carbon oxidised — 

16-5 mgm. 



Date 

Table 

Plot 4 ft by 4 ft Containing 4 kilograms starch. 

Covered. 

Azotobacter 

T. N. T. C. Moisture per gram of 

% % % dry soil in 

millions. 

Total bacteria 
per gram of 
dry soil in 
millions. 

13- 2-37 

original soil 
15-2-37 

0-0420 

0-0437 

0- 4360 

1- 2488 

1-5 

1-5 

13-5 

12-3-37 

0-0437 

1-1924 

4-0 

8-5 

31-6 

2-4-37 

0-0446 

1-1178 

4-5 

35-5 

86-6 

27-4-37 

0-0450 

1-0214 

4-0 

70-0 

206-0 

24-5-37 

0-0462 

0-92.58 

3-5 

105-0 

245-0 

10-6-37 

0-0466 

0-.8205 

4-5 

ISO-O 

282-3 

11-7-37 

0-U472 

0-7036 

4-0 

165-0 

345-0 

27-9-37 

0-0482 

0-4864 

4-8 

162-6 

350-8 


Nitrogen fixed per gram of carbon oxidi8ed=5‘9 mgm. 



Table 

1 kilogram soil + 20 grams filter paper 
Exposed- 


Date 

NH,-N 

% 

NO,-N 

X 

T. N. 

% 

T. C. 

% 

Moisture 

% 

Azotobacter 
per gram of 
dry soil in 
millions. 

30-10-36 







original soil . 

0-001 1 

0:0020 

0-0540 

0-567 

2-2 

2-4 

22-12-36 

0-0008 

0-0018 

0-0540 


3-8 

3-7 

20-1-37 

0-0007 

0*0011) 

0-0560 

, , , 

8-1 

7-7 

20-3-37 

0-0006 

0-0014 

0-0683 

. . . 

3-0 

12-5 

7-5-37 

0-0006 

0-0012 

0-0646 


3-5 

20-6 

7-6-37 

0-0006 

0-001 1 

0-0677 

. ♦ . 

3-1 

27-2 

8-7-37 

0-(007 

0-0014 

0-0666 

0-7012 

, « , 

18-0 

13-9-37 

0-0014 

0-0021 

0-0646 

0-6704 


12-0 


Nitrogen fixed per gram of carbon oxidised a IB* I mgm. ^calculated) 


Table 

I kilogram soil + 20 grams filter paper 
Dark. 


Date 

NHa-N 

% 

NOj-N 

X 

T.N. 

X 

T. C 

X 

Moisture 

% 

Azotobacter 
per gram of 
dry soil in 
millions. 

80-10-86 
original soil 

0*0011 

0-0020 

0-0540 

0-5670 

2-2 

2-4 

22-12-36 

0-0007 

0-0015 

0-0540 


4-8 

4*3 

20-1-87 

0-0006 

0*0012 

0-0540 

... 

4-2 

6*7 

20-8-37 

0*0006 

0-0011 

0-0552 


4*0 

26*5 

7-6-37 

0*0006 

O-OOOSi 

0-0567 


8-0 

60-0 

7-6-37 

0*0006 

0-0009 

0*057 i 



80-0 

8-7-37 

0*0006 

0-0009 

0*0.583 



92-6 

18-9-37 

0-0008 

0-000 1 

0-0608 

0-6486 


14»>0 


Nitrogen fixed per gram of carbon oxidised = 0*2 mgm. (calcuinfedl.' 
F. e 
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Tabi^ 






1 kilograor,8oil+ 50 grams, cowdung^ 





Exp^jsed, 

Azotobaeter 

Total 

Fungi per 

Date 

'r. N. 

T C 

Moisture 

per-grariiof 

bacteria per 

gram 

% 

7. 

%• 

soil in 

gram of dry 

of dry 

■ 




millions 

soil in 

soil. 






millions. 


n-2-37 







original soil 

0-0323 

0-3180 

'l'-8 '■ 

2^5 

12-5 

28000 


0'0448 

0-9286 

... 


... 

... 

2-3-37 

()-0460 

0-8418 

2-5 

6-5 

26-0 

25000 

2r)-3-,37 

0-0403 

0-7302 

3-0 

15-0 

50-0 

28000 

lM-4-:j7 

0-0o25 

0-(i036 

2-5 ■’ 

22*5 

110-0 

21000 

17-5-37 

0-0532 

0-5194 

3-0 

20-0 

100-0 

18000 

1-6-37 

0-0526 

0-5086'' 

3-9 

16-0 

80-0 

18000 

7-7-37 

0-0508 

0-4028' 

2-6 

9'5 

(i5- 1 

19000 

Nitrog^i fixed per gram of (:arbw;(>xidi»ed » 20*53 ingm. 






TABije 






1 kilc>gfaln dVy 

soil+SD grams cowdung 





fiiark' 




Date 

T, N. 

% 

T.' C. - Moisture 

7. ■ 7. 

Azotobaeter 
per gram of 
soil in 
millions. 

Total 

bacteria per 
gram of dry 
soil in 
millions. 

Fungi per 
.gmm 
of dry 
soil. 

5-2-37 







original soil 

0-0323 

0-8180. 

1*8 

205 

l'i-5 

28000 

6-2-37 

0-0453 

0-9312 



. i , 


2-3-37 

0-04.53 

0-8648 

a-5 . 

7-0 

21-0 

32000 

25-3-3? 

0-0460 

0-7862 

.4-0 . 

20-0 

760 

4600<1 

19-4-37 

0-0473 

0-6651 

^6 

60-8 

210-0 

44Q00 

i7-r>37 

0-0480 

0-5480 

4-0 

62-0 

246-0 

40000 

1-6-37 

0-0480 

0-5194 

3-0 - 

62-0 

238-0 

26000 

7-7-37 

0-0473 

0-4928 

3-0 

400 

220-0 

30000 

Nitrogen 

^ fixed pe^; of qarbon oxidised = 

h ' 




( ^7 >) 

Table 

1 kilogrftin soil + 20 grams batter. 
Exposed. 


Date. 

NH,-N. 

% 

NG*-N. 

% 

T N, 

% 

T. C. 

% 

s 

2. 

3 

Azotobacter 
per gram o] 
dry soil ir 
millions* 

13 - 10-36 






original soil 

0-0014 

0-0032 

0-0570 

0-6156 

1-8 , 5-1 

14 - 1 1 -36 

0-0015 

0-0032 

0-0570 

1-4195 

2-6 5-8 

15 - 12-36 

0-0016 

0-0032 

0-0570 

1-3883 

3-1 7-6 

13 - 1-37 

0-0014 

0 - OO 29 

0-0570 

1-3497 

3-5 9-5 

lS - 2-37 

0-0000 

0-0024 

' G -0591 

1-1968 

3-9 12-0 

11 - 5-37 

0 - 0)07 

0-0011 

0 0617 

0-9381 

3-0 35-0 

1 l -^ i -37 

0-0006 

0-0010 

0-0616 

0*6654 

3-0 25-0 

12 - 10-37 

0 - 0()09 

0-001 1 

0-0626 

0-6318 

3-2 15-6 


Nitrogen fixed per gram 

of carbon oxidised 

= 10-07 

mgm. 


Table 


1 kilogram soil + 20 grams batter. 


Date. 

NH,-N. 

% 

NO,-N 

% 

T. N. 

% 

T. C. 

% 

Moisture 

% 

Azotobacter 
per gram of 
dry soil in 
millions. 

18 - 10-36 







original soil 

0*0014 

0*0032 

0*0570 

0 6166 

1*8 

5-1 

14 - 11-36 

0-0014 

0*0032 

0*0570 

l * 4 . f 6 l 

3*9 

- - 6-6 

15 - 12-86 

0^015 

0*0030 

0*0570 • 

■ 1*4278 

■ 4-9 

8-5 

18 - 1-37 

0*0012 

0*0028 

0*0570 

1*3962 

4-4 

“ 14-6 

18 * 2 r 87 

0^0007 

0-0021 

• 0*0583 

1*2854 

4-0 

20-0 

ll * 6 r 87 

0*0006 

0*0010 

• 0 *; 691 

1*0952 

4-0 

■ 50-0 

11 - 9-37 

0.-0006 

0-0009 

0*0600 

0*7456 

8-5 

70-0 

12 .- 10 r -87 

0*8007 

0*6009 

0*0591 

0 * b 036 

3-8 

78*8 


Nitrpgen. fixed per gram of carbon oxidised— 4*22 mgm 



Tabui^ 

Plot 4 ft. by 4 ft oontainin]; 2 kiloirrams of gh^-lolariliod buttw). 

Exposed, 


Date. 

T. N. 

% 

T. C. 

% 

Moisture. 

% 

Axotobacter 
per gntni 
of dry soil .. 
in millions. 

Total bac- 
teria per 
gram of 
dry soil in 
millions. 

Fungi per 
gram of 
soil 

26-1-37 
original soil 

0-0308 

0-3901 

1-6 

1-35 

14-5 

29000 

28-1-37 

.ib0868 

1-0797 

• •• 



... 

6-4-37 

0-0381 

0-9876 

2-6 

7-5 

32-5 

38000 

4-5-37 

0-0392 

0-8873 

3-0 

20-0 

95-5 

3 t »000 

26-.5-37 

0-0400 

0-8136 

3-5 

46*5 

160-5 

3 000 

14-6-37 

0-0407 

0-7194 


40-0 

196-0 

33000 

22-9-37 

0-0437 

0-4528 

3-3 

38-4 

205-8 

28000 

27-10-37 

0-0420 

0-4318 

4-8 

20-6 

175-6 

2700 U 


Nitrogen fixed per gram of carbon oxidised— 11*0 mgm. 


Tabi^e 

Plot 4 ft. by 4 ft. containing 2 kilograms of ghee. 
Covered. 


Date. 

T. N. 

% 

T. C. 

Moisture. 

X 

Azotobacte? 
per gram 
of dry soil 
in millions. 

Total bac- 
teria per 
gram of 
dry soil in 
millions. 

Fungi per 
gram of 
soil. 

26-1-37 
original soil 

0-0881 

0-4115 

1-6 

1-84 

13-6 

28000 

28-U37 

0-0381 

1-0941 


... 



6-4-87 

0-0881 

1-0312 

8-0 

8-5 

64-0 

i500o 

4-6-37 

0-0388 

0-9187 

4-0 

32-6 

l7>-0 

48000 

26-5-37 

0-0392 

0-8906 

4-0 

66-0 

245-0 

4600U 

14-6-37 

0-0400 

0-8205 

3-0 

85-0 

295-0 

42000 

22-9-37 

0-0411 

0-5316 

5.0 

94-0 

2^0 

40000 

27-10-37 

0-0411 

0-44 24 

5.0 

68-5 

85000 


Nitrogen fixed per gram trf carboo oxidised = 4.6 mgtn. 
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. ' 'iCsp^irMis^ntS'' with othet 6n6rgy materialB like raoIftsBes, hay and butter added 
to £jl^ve iiit^ In the control fields no fixation of atmospheric 

ditrt^eo wan observed. The nitroj^en fixation with eellulosic substances is n very 
important phenomenon since the bulk of the energy materials added to the soil consists 
of cellntose. The fixation of nitrogen with fats is entirely a new observation and is 
important since fats are distributed in the plant residues that are added to the soil. 

In many experiments it has been established that the energy materials, when 
added to the soil are oxidised liberating energy which is utilised in nitrogen 
fixation according to the equation Nj 4 Oj + 43*2 K Cal=2NO This endothermal 
chemical change can take place through the absorption of chemical energy derived 
from the oxidation of the energy materials; C,jHi + 60* 4 6H2O ♦ 376 

K Cal. When the system is exposed to sunlight, the light is absorbed and causes an 
increase in the nitrogen fixation and that is why the nitrogen fixation in light per 
gram of carbon oxidised is much greater than in the dark as is clear from the follow- 
ing table 


Tabi.k 


Substance 


Nitrogen fixed per gram of carbon 
oxidised. 


• 

Exposed 

Dark. 

Canesugar (2 X )+CaCO, 

15*8 mgm 

10*5 mgm 

Canesugar (i % ) 

14*6 mgm 

10*2 mgm 

Glucose |2 % ) +CaCO| 

12*r) mgm 

6*5 mgm 

Glucose (2 % ) 

12-5 mgm 

6*5 mgm 

Glycerol (5X) 

6*01 mgm 

2*76 mgm 

Starch (6%) 

7*58 mgm 

3*13 mgm 

Mannitol (2 % ) 

12*8 mgm 

6*9 mgm 

Dextrin (2%) 

12*03 mgm 

5*92 mgm 

Fructose (2%) 

11*9 mgm 

6*8 ingm 

Maltose (2%) 

12*6 mgm 

6*n mgm 

Galactose (2 % ) 

12*09 mgm 

6*7 mgm 

Cowdiing (5 % ) 

20*53 mgm 

6*5 mgm 

Butter (2 % ) 

10*07 mgm 

4*22 mgm 


Field triak 
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Snbstttncii. 


Glucose. 

(Plot 4 ' by 4 ' containing 
5 kilogram glucose/ 

Molasses 

(Plot 4 ' by 4 ' contaittjing 
10 kilogram moladlses) 

Starch 

(Plot 4' by 4' containing 
4 kilogram stafoli) 

Ghee (clarified butter) 

(Plot 4 ' by 4 ' containing 
kilograms of ghee 


Nitrogen fixe(| per gram of carbon 
oxidised 

Exposed. Dark. 


14»0 mgm 


7*26 mgin 


8*9 mgin 


3*fj6 mgm 


16*0 mgm 0*9 mgm 


11*0 mgm 4*6 mgm 


It might be argued that when the soils are exposed to sunlight, the temperature 
of the soils is increased and this leads to an increased activity of Azotobucter and 
hence an increase in the nitrogen fixation Experiment were carried out at various 
temperatures and the following table shows the fixation of nitrogen per gram of 
(‘arbon oxidised at various temperatures as well as in sunlight. 


Table 

Summary of results obtained at different temperatures. 


Temp. 

Maximum 
number of 
Azotobacter 

N fixed 

4‘2* (Exposed) 

22-5 

13-1 mg 

10-12* (Dark) 

6-0 

Nil 

25* 

126-0 

4-8 

30* . „ 

175-0 

6-4 

• 

CO 

200-0 

7-76 


Temp. 

Maximum 
number of 
azotobacter 

N fixed in 
mgms. 

40* 'Dark) 

5)8-0 

3-M7 

45* „ 

78-0 

3-30 

50* „ 

7-6 

V6 

60* , 

Nil 

Nil 
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From the forep:oing results it is clear that the optimum temperature for 
nitrogen fixation in the dark is 35* as against about 2 ( ’H” — 30*1 observed in 

temperate countries. The nitrogen fixed in the exposed soil^ the temperature of 
which varied from 40 to 44*, is much greater than that in the incubated soils. 
The above results definitely prove that the increase of temperature in sunlight is 
not at all the factor responsible for the greater nitrogen fixation observed, which 
is mainly due to the utilisation of solar energy for nitrogen fixation. 

These results have been recently corroborated by experiments carried on in 
the Chemical Laboratory of the Dacca University and at the Departnjent of Agri- 
culture of Brisbane by Dr. Kerr. 

Recently experiments were performed with oxides of metals like silica, zinc 
oxide,. ferric oxide, andraluminiimi oxide by mixing separately with glucose, and one 
set was exposed to sunlight and the other corresponding set covered with black cloth. 
The following results indicate that just as with soil, nitrogen fixation is possible with 
surfaces like the metallic oxides used, which behave as active surfaces. In these 
cases also the nitrogen fixation is always greater in the exposed oxides than in the 
covered ones although the total bacterial numbers arc greater in the latter than in 
the former. 

The following results wcire obtained; — 

Experiments were started on 1241-38 and analysed on 10-11-38. 


Substance 

Sunlight 

Total nitrogen 

Total carbon 

Dark 

Total nitrogen 

Total carbon 


%. 

% 

% 

% 

Silica 

0-0172% 

0-2946% 

0-0054% 

0-6!t28% 

Zinc Oxide 

0-0152 

0-0268 

0-0054 

0-.5312 


More experiments were started on December 9, li‘38 and the materials analys- 
ed on January 10, 1939. 




Exposed 



Dark 






Total 



Total 



. ; 


bacteria 



bacteria 

Substance 

Original 

t^otal 

nitrogen 

Total 

nitrogen 

Total 

carbon 

in 

millions 
per gram 

Total 

N 

Total 

C 

in 

millions 
per gram 




of subs- 



of subs- 





tance 



tance 

Zinc oxide 

. 0% 

0-011% 

0-0268% 

0*16 

0-0038% 

0-6172% 

0-98 

AIumiDiutn oxide . 

, 0- 

0-0084 

0-4150 

0-46 

0-0044 

0-5824 

1-98 

Silica 

. 0-016 

0-028 

0-3304 

1-08 

0-0212 

0-508S 

3-26 , 

Ferric oxide 

. 0-024 

0-03;i6 

0-4150 

0-92 

0-02H 

0-5624 

2-94 
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Controls analysed on January 11, 1939. 


Substance 

Exposed 

Dark 

Zinc oxide 

Nil 

Nil 

Aluminium . . . 

• ’ ' If 


Silica 

O-OIHB 

0-9144 

Ferric oxide ... 

0-0208 

0-0224 


Experiments were carried on with soils, silica and zinc oxide under perfectly 
sterile conditions in 500 c*c. quartz flasks Some experiments with sterile soils in 
one litre pyrex flasks were also done 

The following are the results obtained : — 

In the case of sterile soils the experiments were started on September 
1938. Soils in quartz flasks were analysed on March 1, 1939 

Analysis of the Original Soil : — T N.““0*0424% T.C — 0*4305%. 

Sunlight Dark 



Total nitrojjen 

0-0424% 

Total carbon 

0-4305% 

Substance 

Total N 

Total C 

Total N 

Total C 

Inulin 

0-0464% 

0-7732% 

0-0424% 

0-9924% 

Arabinose 

O-0448 

0-7904 

0-0424 

0-9826 

Fructose 

0-0464 

0-7635 

0-0432 

0-9786 

Lactose 

0-0456 

0-7816 

0-0424 

0-9924 

Glucose 

0-0456 

0-7636 

0-0432 

0-9662 

Mannitol 

0-0456 

0-7732 

0-0424 

0-9826 

Glycerol 

0-0448 

0-8048 

0-0424 

0-8968 

Galactose 

0-0466 

0-7782 

0-0424 

1-0066 

Maltose 

00464 

0-7735 

0-0424 

M026 

Dextrin 

0-0464 

0-7732 

0-0432 

0-9826 

Starch 

0-0448 

0-9364 

0-0416 

0-4208 

Control 

0-0408 

0-3986 

0-0416 

0-4208 

Soils 

in pyrex flasks were analysed on 

March 27, 1939. 



Exposed 

Dark 


Substance 

Total N 

Total C 

Total N 

Total C 

Inulin 

0-0456% 

0-8968% 

0-0424% 

1-1264% 

Arabinose 

0-0448 

0-9086 

0-0424 

1-0086 

Fructose 

0-0448 

0-9156 

0-0432 

0-9924 

Glucose 

0-0448 

0-8892 ' 

0-0424 

0.9638 

Starch 

0-0432 

l-10,>6 

0-0424 

M284 

Control 

0-0416 

0-4208 

0-0416 

0.42(^ 
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Experiments with sterile silica and zinc oxide were started on January 6, 

1039 


Materials used were absolutely free from nitrogen. 



Exposed 

Dark 

Substance 

Analysed on May 6, 1039 
Total nitrogen Total carbon 

Analysed on June 13, 1939 
Total nitrogen Total carbon 

Silica 

0-0082% 

0-4972% 

0-0038% 

0-6172% 

Zinc oxide 

0-0060 

0-3882 

0-0038 

0-5892 


In the controls no nitrogen fixation was observed. 

From the results recorded above it is clear that appreciable fixation of nitro- 
gen takes place when energy materials and sterile soils are exposed to sunlight 
under perfectly sterile conditions. Therefore it is evident that just as bacteria 
can fix atmospheric nitrogen, light in the complete absence of bacteria can fix atmos- 
pheric nitrogen by the help of the energy liberated as a result of the photo- 
oxidation of the energy materials. 

It may be argued that the fixation of nitrogen can also take place in sterile 
soils because of the enzymes left when the soil is sterilised. But the results 
showing appreciable amounts of nitrogen fixation with silica and zinc oxide under 
completely sterile conditions dispose of the enzyme view, because no bacteria are 
associated with pure chemicals like silica and zinc oxide. Moreover if nitrogen 
fixation were to be an enzymatic reaction there should have been the same amount 
of fixation in the dark as in light, but it is not so. Again we have to remember 
the fact that under the conditions the soils were sterilised, the enzymes if any, will 
surely lose their activity 

Hence all the results recorded above indicate definitely that sunlight 
plays an important part in the fixation of atmospheric nitrogen in tropical 
soils* 


AkAU land and its BECLAMATION 

The deficiency of the Indian Soil in nitrogen has been recognised for long, but 
the treatment usually prescribed is the use of expensive patent tonics like ammonium 
salts and other nitrogen compounds. India is a poor country and cannot afford to 
P* 7 
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use such costly chemical fertilizers on her soil. Moreover, the occurrence of alkaline 
patches, which have spread like a malignant tumour. throughout the whole country 
has made the problem of reclamation really pressing, This alkaline (wsar) land exists 
to the extent of nearly 5 million acres in the United Provinces alone and there is 
reason to believe that it is increasing 

J3nring our researches on the study of nitrogen fixation in soils on the applica- 
tion of energy-rich materials, we were able to investigate the problem of nmr recla- 
mation with considerable success. First we investigated the main defects of the 
itsar soil and found the following to be more prominent : 

(rt) These soils are highly alkaline, /e., they contain an excess of sodium 
carbonate 

(A) The amount of available calcium, which is an important nutrient of plant- 
life, is exceedingly small. 

(r) These soils are highly impermeable to water and so very difficult to 
plough. 

fd) The nitrogen content of such soils is ver> small {/ p , varies from 0*00fi% 
to 0*03%) 

(c) Organic matter in such soils is very small. 

if) Deficient in bacterial activity. 

A mixture of molasses and press-mud, in amounts varying with the degree 
of alkalinity, has been found to remove all these defects quickly as well as, we 
have reasons to believe, permanently. Molasses and press-mud are very 
cheap and provide an efficient material for permanent reclamation. By using a 
mixture of these substances not only is the alkalinity of the soil destroyed but also 
there is an increase in available calcium and total nitrogen. Moreover, the 
soil becomes soft and permeable. The soil nitrogen is also conserved for a 
long time due to the presence of carbohydrates in molasses, and the organic 
matter present also helps to retain the soil nutrients from being washed away 
during rains. The moisture retention capacity of the soil is also increased 

The underlying theory is quite simple. Nitrogen is added by fixation, which is 
brought about mostly by photochemical action and perhaps to some extent by bacte- 
rial activity too. Our exfieriments on the study of nitrogen fixation in sterile soils as 
well as in presence of sterile oxide duo to the oxidation of energy rich materials have 
proved beyond doubt that photochemical fixation is very prominent in tropical 
sunlight. The acids present in molasses tend to neiitralise the alkalipity of tisar 
soils and the calcium present in press-mud increases the content of available 
calcium, 
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Our field experiments at Soraon and Saidabad near Allahabad have been very 
promising. The following data on the tfsar soils of these two places speak for 


theseselves : — 






Soraon 



Saidabad 


A. 

(1) Original pH 

10-3. 

A. 

(1) Orighal pH 

10-8-11-4. 


(2) pH after reclamation T-?. 


pH after reclama- 






tion 

8-1— 8-2 

B, 

. Ca O m gms 

Jotal ( ala um as , 

100 gms. sou 

B. 

n. , , 1 . Cb. O m gras. 

lotal Calanm as — - 

100 gms. sou 


(1) Original soil 

M685 gtti. 


(1) Original soil 

0-9012 gm. 


(2) After reclamation 

1'3914 gm. 


(2) After reclamation 

1-2405 gm. 

c;. 

Jotal Nitrogen % 


C. 

Total 7iitroge7i % 



(1) Original soil 

0-0272% 


(1) Original soil 

0-0246 


(2) After reclamation 

0-0605% 


(2) After reclamation 

0-0512. 

1), 

Jotal Carbon % 


1). 

Total Ca7'bo7i % 



(1) Original soil 

0-2986% 


(1) Original soil 

0-2615 % 


(2) After reclamation 

0-7147% 


(3) After reclamation 

0-8212 % 

E, 

Yield 

md. sr. ch. 

E 

Yield 

md. sr. ch. 


(1) Rice in control/acre 

0 11 8 


(1) Rice control /acre 

0 4 0 


(2 1 Rice in treated plots/ 


(2) Rice treated/acre 

0 5 2 


acre 

7 15 0 





(3) Barley in control/ 



(3) Barley control/ncre 

0 4 6 


acre 

0 6 0 





(4) Barley in treated 



(4) Barley treated/acro 

0 1 8 


plots/acre 

.3 r7 0 





The reclaiming power of molasses and press-mud is very touch quicker than 
that of the chemical reagents {e.g, gypsum» powdered sulphur etc.) used in western 
countries. Moreover, the reclamation appears to be permanent, as the fields reclaim- 
ed in previous years have continued to give practically the same yield this year too, 
without any renewal of molasses and press-mud The technique of reclamation is 
also very simple and is easily picked up by the illiterate Indian peasant. 

Molasses and press-mud are mixed with water and spread uniformly over the 
fields to be reclaimed. When the soil becomes soft, it is tilled and watered. The 
tilling is continued for about five or six weeks after which the soil is fit for sowing 
the crop. Care must be, however, taken to see that the water is retained^ in the 
fields by means of suitable embankments The field operations with these 
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manures are exactly the same as in ordinary cultivation and no special precaution is 
necessary except that a time interval of about four to six weeks is necessary between 
the addition of molasses and press-mud and the sowing of crops. 

Our Experiments have been repeated by workers in other parts of India, and 
the Mysore and Bihar governments have given a favourable corroboration of our 
results. The report of the U. P. government on tliis method is highly satisfactory. 
There are vast tracts of alkaline unfertile lands in India and irrigation practices 
may be increasing their area. The economic reclamation of these lands is one of 
our country's greatest agricultural problems. If we can find out the solution in 
the utilisation of the waste products of our sugar factories, is there anything cheaper 
than that? The maxim of sound economic plannitig is “use the waste. 
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THE NATURE OF DEGRADATION OF THE STRYCHNINE 

MOLECULE 

By Rafat Hitsatn Siddiqtti, M.Sc., Pn.D. (Aijg)^ D. Phil. (Oxon). 

Mubum UNTVKiisrTY, Aijgarh 

Tho chemistry of Strychnos alkaloids dates from the isolation of str>'chnine 
by Pelletier and (Javentou in 1817, followed by the discovery of brucine two years 
later. The composition of the alkaloids was ascertained by Regnault in 1838, and 
Hanssen showed their!! close relationship is that oxidation with chromic acid 
converted both alkaloids into one and the same acid. The chief properties of 
the two bases were recorded by Tafel in a series of six papers (1890 — 1902), 

Since J 908, a series of 106 papers by Leuchs and his collaborators, dealing 
with the stepwise degradation of the strychnine and brucine molecules has greatly 
added to our knowledge of these alkaloids. A structure for the strychnine molecule 
based on the facts known at that time was proposed by Perkin and Robinson in 
1910; a subsequent series of forty-one papers by these workers and their co-workers 
constituted an important contribution to the subject and strychnine formula underwent 
various modifications. Other investigators hi the field include Wieland and colla- 
borators (1929—1940) and Achraatowicz and others, who, besides contributing to the 
study of strychnine and brucine, have been solely responsible for the chemistry of a 
subsidiary alkaloid : vomicine, Warnat in 1931 isolated three more alkaloids from 
the mother liquors of strychnine and brucine, and named them as a- and P-colurbines 
and pseudostrychnine. No work has been done on these, but on the basis of alkaline 
degradation, the relationship of the two colurbines is shown with strychnine and 
brucine. Tho third alkaloid pseudostrjehnine has been shown by Blount and 
Robinson to be hydroxystrychniiie. Further, Kotake and co-workers and Clemo, 
in 1936 independently obtained tryptamine from the alkaline degradation of 



strychnine, and Holmes and Robinson re-examined the action of bromine on dike- 
tonneidine in 1989, as a result of which the entire skeleton of the molecule has now 
vbeen establisbed. 
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The molecule of strychnine (Cji Hji 0| N*) contains two oxygen atoms, two 
nitrogen atoms and a double bond and is free from methyl and methoxyl groups. 
One nitrogen is basic in character and is designated N (/>), while the non basic 
N (a) is included in a cyclic amide group ; for, on treatment with sodium ethoxide, 
strychnine yields strychnic acid (an imino carboxylic acid) and, on electrolytic 
reduction, gives strychnidine and tetrahydrostrychnine represented by the following 
scheme: — 


CaoH 






CaoH>t^O< 


^CHoOH 


5NH 


The double bond is shown by catalytic reduction of strychnine a!id its deriva- 
tives. One oxygen atom is included in the cyclic amide group, while the other is 
neutral in character as shown by the behaviour of dihydro-strychnidines and the 
oxygen free bases obtained in the Emde degradation and by the conversion of 
strychnine into iso-strychnine under the influence of basic catalysts. This as well 
as the formation of glycolHc acid from strychninolic acid not only prove the other 
function, but also its cyclic nature, and position in the strychnine molecule as shown 
by the grouping: N («). CO.CH»,CH,O.C. : The group N (a). CO.CHi is further 
.shown by the formation of benzylidcne and isouitroso derivatives and benzene ring 
attached to N (a). CO. with an unsubstituted position para to N (a) is indicated by 
the formation of picric acid, 3 : 5 dinitrobenzoio acid as a result of oxidation with 
nitric acid and of the isolation of N-oxalyl anthranilic acid by Spath in the alkaline 
degradation of strychnine. Strychnine and brucine which is a dimethoxy derivative 
of the former contain the grouping as shown in the relationship of colurbines to 
strychnine and proved by the degradative products isolated by Hanssen, Leuchs 
and Wieland. The degradative studies of the alkaloid and its derivatives have been 
carried out by means of chromic acid, bromine, nitric acid alkali, cyanogen 
bromide, potassium permanganate, perbenzoic acid and by Hofmann and Emde 
methods. 

Chromic acid, on oxidation followed by electrolytic reduction, gave diketonuoi- 
dine, a substance which is free from aromatic benzene nucleus, while nitric acid gave 
dinitrostrychnic acid, dinitrostrychol carboxylic acid and other simple products which 
have been synthetically confirmed by Hill and Robinson. Action of cyanogen 
bromide has not been studied vei*y exhaustively ; the treatment of strychnine with 
barium hydroxide converts it into an isomer and fusion of the alkaloid with alkali 
has resulted in the isolation of pyridine, quinoline, carbazole, indole, ethyl indole, 
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tryptamine and other products. The isolation of tryptamine has an important 
bearing on the subject, and although it gives no conclusive information about the 
attachment of the CiH* group to the a- or P- carbon atom of the indole nucleus, it 
has fixed the position of the basic nitrogen with regard to the other. Oxidation 
with potassium permanganate has further fixed the group N (/>). CHj. in the molecule 
of strychnine as on oxidation it gives N ih), CO., while the studies on strychninolones 

has shown the grouping N (a). CO. CH : CH. CHcC^q! Hofmann and Einde degrada- 
tions gave rise to various isomers, and similarly, the action of sulphuric acid 




involved besides the aromatic nucleus. The Emde degradation further showed 
the group C : C.C N (5) in strychnine. A very important observation in this con- 
nexion is obtained by the re-examination of the action of bromine on diketonucidine, 
which proved the attachment of the C 1 H 4 group to the p- position of the indole 
nncleus, 
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The above fmifmenta on combination give rise to the above formula (I) in 
which the group is required in order to accommodate the isomeric 

strychninolones and tlie degradation of brucine to onrbine, while the group*CH. 
CH* in the pyrrolidine ring N (/>) is required for the explanation of the formation 
of methoxymethyl-chano-dihydroneostrychnone on oxidation with perben»oio acid. 
If in formula (1) all the dotted positions are linked up, then it would give rise to the 
representation (11) proposed by Professor Sir Roberta Robinson, Kt., I) 8c., LL.D., 
F,RS. (Oxford), and which is now accepted for the strychnine molecule. So far ns 
the synthetic studies are concerned, Openshaw and Robinson have, in 1937, synthe- 
sized the substance represented by formula (III) and Wieland in 1938, has obtained 
5 : 6 pyroquinoline as shown by formula 'IV) besides the syntheses of the simpler 
degradation products mentioned above. 
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Summaries of papers CoMMUNrcATEU (SE(moNs A ani> B) 

SECTION A 

The Importance of the Primary Absorption Pbocesb in Photo* chemuue REAcmoNti, II. 

By A. K. Bhattaoharya and Ratan Singhs Chemistry Department, Allahabad University. 

In part I (Communicated by the senior author) it was emphasbied that the metJiod of study infj; 
photo-chemical reactions involving solutions in stages (primary and secondary) would help a good 
deal in explaining some of the most controversial problems regarding temperature coefficient and 
quantum yield of photo-chemicid reactions. 

We have studied in detail the inftucncc of the primary absorption process with the reactions 
between (1) potassium oxalate and iodine, (2) tartaric acid and bromine, (3) sodium nitrite and iodine, 
(4) ferrus sulphate and iodine and (5) ammonium oxalate and mercuric chloride in sunlight and also 
in thousand watt lamp with or without light filters and at different temperatures. The quantum yield 
has also licen notod. It has been found that if the influence of the primary absorption pro<'e8s alone is 
considered in promoting the photo-chemical reactions, then the temperature coefficient gives a value 
equal to unity and Einstein’s law of photo-chemical equivalence is also obeyed. 


An EniXiTRiOAi. Methop for Determining the Absorption Coefficient of Socnd, By 
Chandra JTanfa, Research Student, Physics Department, Allahabad University. 

This is a preliminary report of the method which utilizes Campbell’s inductometer in uu ensuring 
the electrical impedance of a Moving coil receiver Unit at different air load impcdanccfi of an air 
column. This air load is varied by changing the length of the air column and measuring the 
electrical impedance of the corresponding lengths. The air column is first bai^kwi by a perfect 
reflector and then by a sound-absorbing material The difference between the t wo sets of vet^dings 
enables one to determine the sound-absorbing ^efficient The coefficient of reflection and the phase 
change on reflection can also bo calculated. No significant relation between reflection co-efficient and 
phase change has been found. The phase change in the case of porous materials made from assemb- 
ling capillary tubes is found to be greater than v whereas in other substances it, was less than ▼, 
The acoustic impedance of the capillary tubes as calculated from Raleigh’s formula is found to be 
in reasonable agreement with experiment. 


VlBOOSITY OF some SOI^ AT THEIR VARIOUS 8tAOEB OF PURITV AND DlPtmoN. By Ghosh, 
and S. M. Ayuh, Department of Chemistry, University of Allahabad. 

It is well known that tlie sols that yield gels on coagulation grow viscous and may finally set to 
a firm gel on prolonged dfidysis, Dbar and oo-w^orkers concluded that such increase in the viscosity 
of a sol with progressive dialysis is due to increased hydration. Banerji and Ghosh studied the 

01 
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in the viscosity of ferric phosphate sol with increasing purity and observe^l that this sol 
developed structiusai How with the (continuous removal of the stabilizing electrolyte. In this paper 
the viscosities of sols of ferric hydroxide (prepared by the acetate method), zirconium hydroxide, 
stannic hydroxide and cleric hydroxide of different degrees of purity at various dilutions have been 
investigated at diffbrent pressures by the apparatus of Ostwald suitably modified by us to find out 
how the structural flow develops in these cases. 

The results obtained here Umd to the following imjiortant conclasions 

(t) The increase in the viscosity of a sol on progressive dialysis is closely associated with its 
structural flow, which increases with the increasing parity of the sol ; (t») the structural flow increases 
with the increasing concentration of the dispersed substance ; and (*n) the structural flow is depen- 
dent on the properties of the compound present in the colloidal condition. 

The authors suggest, therefore, that the sols that yield either a gel or gelatinous precipitate on 
coagulation api)ear highly vi8<X)ua on continued dialysis due more to the devdopment of structural 
flow than to the increased hydration of (‘olloid particles. 


s^TKtUTUBAL FLOW IN OoLi.oiDS. Bff S. Ohoah, Department of Chemistry, University of Allahabad* 

Most of the highly viscous sols do not behave like ordinary liquids and Poiseuillc’s law is not 
applicable in their cases. The viscosity or better structural flow diminishes with the increasing rates 
of shear and the sols behave like plastic bodies. High viscosity of such sols has lK3en ascribed to an 
orientation of colloid particles originating from a Moose crystallographic force', which is sufflcieDtly 
labile due to high Hydration of the cx)lioid i)article8. The force for the growth on the surface of a 
colloidal particle in the case of some sols increases the tendency of association of liquid molecules on 
its surface, which leads to high solvation and checks- the aggn^gation of colloid particles. DUtur* 
bances created by shaking or stirring cither increases or decrease the structural flow. The phenomenon 
of * thixotropy ’ in the sol-gel transformation can be explained on these views. 

The failure of the highly viscous sols to obey Einstein^s viscosity-concentration relationship is 
due to such orientation of colloid particles, which imparts a rigidity to the sol. In general, the 
experimental results show that the structural flow of a sol increases with Uic detToase in the electrical 
charge on the colloid particles and the electroviscous eflbct of Bmoluohowski is more than counter- 
balanced by this effect 

Colloids can be [irofitably grout>ed in two classes, via., reversible and irreversible without ascrib- 
ing mu(!h importance to the hydration of the colloid particles. To the reversible class belongs the sols 
of some organic substances, a.g., gelatine, agar, starch, tannins, dye-stufls, etc., and inorganic sub- 
stances like silicic, vanadic, tungstic, inolybdic acids, etc. The reversibility of sols depends upon the 
tendency of dissolution of their colloidal particles to associated or simple molecules in solution. 


Fokmation of Pkiuodic Pekoipitatk in the Absence of a Fobeion Gel. By R. N , Mitfra , 
((Communicated by Dr. 8. Ghosh) 

The formation of periodic precipitates by the interaction of two reacting solutes in gel medium 
was reported by K, E. Liesegang in 1896. Numerous similar observations were subsequently made 
by Ostwald, Bradford, Dliar and Ohatterji, Hedges and Henley and otJierB. In the production of 
periodicities by such double decomposition method in gel m^ium, there are three stages guiding 
the phenomenon : (1) formation of an insoluble substance by the chemical intention between two 
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reacting solutes; (2) aggregation of the insoluble 8ubBtan(!e to form colloidal aggregates, and 
Bnally, (IJ) the precipitation of the colloidal material in periodic manner. 

In a simple process like the one adopted by the author to obtain periodic precipitates, the first 
stage of the process has l>een completely eliminated. No preceding chemical interaction is necessary 
for the production of the insoluble substances, which already exists in colloidal condition in the 
absence of any gel. The sols, of partially lyophilic nature, of ferric hydroxide (prepared by acetate 
and C4irl>onate methods), ferric phosphate, ferric arsenate, ferric borate, ceric hydroxide, clu-omic 
hydroxide, chromic arsenate and stannic hydroxide give rise to iKtrioilicities in their coagula w hen 
they are subjectod to slow coagulation by the addition of mono or bivalent coagulating ions accord- 
ing to their respective nature and purity, 

In elucidating the mechanism of the prot'.ess it has been observed that there are two factors 
guiding the phenomenon, (1) a sol must be purified to such an extent that it leaves sufficient range 
for slow coagulation, the coagulation velocity curve Wng B-nhai^ed ; (2) the coagulum (containing 
0*000295 g. atom of the metal (jonstituting the sol must occupy a compact volume of 1 0 c.c. on centri- 
f aging for 5 minutes at revolutions of 2, (XX) r. p m. When a sol which satisfies Uie al)ove two condi- 
tions IS subjected to slow coagulation, the coagula which apix^ar in stages have the facility for coejcist- 
ing with the un(?oaguJatcd sol and form adsorption centres where the first set of nuclei start. With 
time the adsorption centres get thickened uj) by adsorbing more sol, and form luiifortn ring-shaped 
hands. The optimum volume of the coagulum which settles p(‘riodioivlly, is 0*5 c.c. when the 
coagulum from 0 c.c, of the total volume of 20 c c. of the sol-electrolyte mixture is c.mtrifuged for 
5 minutes at a revolution of 2000 r. p.m. 

With increase in the purity of sol, the coagulum gets more hydrated and the range for slow 
coagulation decreases with the result that the; above-mentioned two conditions are not satisfied and 
no good rings appear, though the adsorption of the sol by its own coagulum increases. 


Thermal Ioxization ok Htkontikm. B, N. Srivaairva, Lecturer in Thy sics, Allahabad 
University. 

In this paper the thermal ionization of strontium va|x)ur has been experimentally investigated 
by an apparatus alriiody described by the author elsewhere in his work on barium. Experiments 
have been carried out at various temperaturcjs and pressures of strontium vaixmr and the etiuilibriiim 
concentrations of Sr and electrons inside the furnace have been olitained by allowing theni to eflTuse 
out through a narrow opening. From these the et|uilibrium constant and the energy of ionization 
have beejj calculated. The results obtained agree, within the limits of experimental error, with the 
theory of thermal ionization and the known sjiectroscopic value of the ioimation potential of Sr. 


APttOBl*TION OK CATlOXa BY A CRYSTALLINE VARIETY OK AlUMINJUM SXJ.ICATE. Bif 5. F, 
Bripaatavai Chemistry Dejmrtment, University of Allahabad (Communicated by Dr. S. Ghosh ) 

It is generally believed that the properties of soil ai*e controlled to a great extent by the inor- 
gamc and organic colloids present in the soil, and that the inorganic colloidal material of the soil is 
eeeentially the same as the artificial gels of silica, ferric oxide and alumina. Recently, Mattson and 
otbufs have attempted to prove this by measuring the adsorption of cations and anions by the mixing 
of freshly precipitated alumina, silica and ferric oxide. 

In this paper an attempt has beep made to measure the adsorptiaii of difibrent catioag by the 
freshly prepared insoluble aluminium silicate obtained by the interaction of aluminium chloride and 
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Bodium Bilicate solutioua in equivalent proportions. The aluminium silicate thus obtained was 
purified iv8 far as })oa9ible from the electrolytes obtained as the byproduct. The silicate was of 
crystalline variety ajid adsorption experiments wore carried out with this silicate for different 
cations. 

The results obtained show that there is considerable adsorption of the cations producing acidity 
of the solution : these can bo arrangtxi in the following decreasing oixler: 

when the adsorption is expressed in milli-ntoms ixir gram of the solid. 

It has boon of interest to note that the adsorption of these cations is also exchangeable. The 
exoluuige of adsorbed calcium by a solution of sodium chloride was investigated and has been 
found to he practically complete for a concentratod solution of NaCl. 


SoMK Colloidal Bkhaviour of Usah Boils Tkeatkd with Molasses. By 5. P. Srivaatava, 
Chemistry Department, University of Allahabad, (Communicated by Dr, S. Ghosh.) 

In a number of publications, Dhar has emphasized the use of molasses as a reclaiming agent 
for alkaline or usar soils. BucU colloidal properties of usar soils as the exchange of calcium 
and the general structure of the soil grains have been studied by the different amounts of molasses 
added to usar soils. 

The results obtained in this i>Aper show tliat the exchangeable calcium, which is ordinarily very 
small in usar soils, considerably increases by the treatment of molasses. It increases with increasing 
amount of molasses aud also with increasing time of treatment It has also been observed that in 
usar soils, though the organic colloidal material is too small, the grains of the soil (mmnly clay) takes 
considerably long time for settling showing that the grains are of very small size. The treatment 
of molasses to usar soils remarkably improve the settling of the soil and the latter becomes practically 
similar to a good sample of garden soil. 

The iiction of molasses in imjiroving the usar soils to the condition of good garden soil iH 
mostly clue to the changes in hydrogen ion concentration of soil produced by the organic acids present 
in moiaHhcs, It is obvious that the acidity of molasses would also considerably increase— if it is exposed 
to light and air for longer periods— due to photo-oxidation of carbohydrates in molasses to various 
organic acids. 


INVESTIOATIONB ON ALUMINIUM BiLiCATE BoL». 1. By 8. P, Srivaaiava, and B. Ghoah, 
Chemistry Deportment, University of Allahabad. 

Tt is well-known that the colloidal chanicter of clays plays an important role in tlie mochanism of 
the varying colloidal behaviour observed in soils. Afl aluminium oxide and silicic acid are the main 
components of clay, a systematic investigation of the colloidal behaviour of the aluminium slUoate 
sols has been undertaken with a view to find out how far the colloidal behaviour ebanges with 
the composition of the silicate. 

In this paper some prelimimiry exi)eriments on the preparation of aluminium silicate sola 
taiuing aluminium oxide and silicic acid in different proportions have been described. The sols of 
difterent compositions can be obtained by the interaction of aluminium chloride and sodium silicate 
solutions at different acidities (x>ntrol]ed by the addition of a solution of sodium acetate. The 
authors have been able to obtain sols of different compositions of aluminium Plicate in very concen- 
tmted condition. The concentration of the sols prepared in difierent samples contained fiO— 70 gr. of 
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total solid per litre The sols arc fouad to be highly viscous and obtained by cojitinued hot dialysis ; 
they quickly yield transparent gel on treatment with suitable coagulating electrolytes. 


Chrmical Examination or the Leaves of Lantana Camara -Linn. Comfohition of the 
Essential Oil. By. Jagatnarayan Tayal and Sikhibhushnn Dutt. 


Lantana Cawara— Linn, known as Ghaneri in Hindustani, is a native of America, but grows 
in wild state also in many ])arts of India The leaves are very highly medicinal ; after boiling with 
barley they are given to women after delivei'y. They are also often used against indigestion. The 
essential oil of leaves of the Indian variety was never systematically examined. Of course MoudgUl 
and Vridhachakm did some work on the south Indian Variety in which they identifnxl Phcllandrene 
and tentatively showed iJie presence of Caryophyllene. Conse<iuentIy, the investigation was under- 
taken by the present authors. 

The leaves which are very fragrant, were locally collected and steam-distilJeil in a big coi)per- 
distilling apparatus. The CHsential oil obtained was yellowish brown witlv a very ploisant odour. On 


thorough chemical examination, it yielded the following 


constituents 


1 

rhellandreiie 

40 - 6 % 

2, 

Dipenteno 

207 % 

3. 

Linalool 

51% 

4. 

Geraniol 

73 % 

5. 

Citroneliol 

24 % 

6. 

Unidentified aldehyde 

17 % 

7. 

Caryophyllene 

167 % 

a 

Sesquiterpenes (Unidentified) ... 

43 % 


The Determination OF Boil Constants AT Broadcast ani^ Ultra High Frequencies. By 
B* D, To$hniwctl and G. R To^hniwal. 

The conductivity of soil with different moisture contents has been measured for frequencies lying 
between 1,500 kc./soc. and 550 kc./sec. The differential transformer method has been found to be 
extremely useful for the puriKvse. The conductivity was found to vary from 59 x 10- ^ * e.m.w. for 
88% moisture to 1 06)^10-^® for 304% moisture The conductivity was also determined 

for 423 Mc/sec by the lecher w'ire method and was found to bo 5—6 times the conductivity at broad- 
cast frequencies. 


SECTION B 

The Oytoplabmic Inclusions in the Oooenesib oi^* Rhipicephaluh Sancutineus (Latrkille). 
By Ram Saran Da$y Zoology Department, University of Allahabad. 

1. The Golgi bodies ore in the form of platelets and dictyosomes. 

2. No fatty droplets or fatty yolk bodies arc present 

3. Mitochondria are observed supravitally without the use of any dye. 

4i Albuminous yolk are produced by the direct transformation of mitochondria. Some may 
also arise Independently in the ground cytoplasm. 
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5. the Bwolleu bodies o£ too big a size tp be considered mitochondria atiun with danua green B. 
They are coimidered swollen mitochondria transforming into albuminous yolk. The d^nitive 
albuminous yolk spheres do not stain with Janus gi*een B. 

6. Nucleolar extrusion is not observed. 

7. The nucleolus is consistently oxyphil and gets highly vacuolated. 

8. There are no boilies corresiX)iuling to Paiat's vacuome in the oocyte of this animal. Neutral 
rod stains the mitixshondria to a certain extent 

9. The cells of the gcrmijial epithelium intimately associated with the oocytes are not con- 
sidered homologous with the nurse-cells of insects 


CHU>E0PHYLL A3S0 CABBOHY0HATJi CONTENTS OF TrITKHJM VUIA^ARE JN RELATION TO 
MANURES. By Qopi N train DikBhit, and 8. Ranjan. 

The quantities of all the four pigments (Chlorojjhyll a, Chlorophyll /3. C^arotin and Xanthopliyll) 
show wide fluctuations during the ontogenic drift- of the wheat jdant. These fluctuations are notice<i 
in plants growing in the sub-soil, molasses, com|)Ost and control b^xls. 

The quantity of monosaccharides was the greatest in the young stage and rapidly declined as 
the age of plants advanced. The di-sugars, however, show' a maximum concentration when the 
life-cycle of the plant is half completed. 

There is no definite correlation between the plant pigments and the soluble carbohydrates. This 
im>ves that the pigments under the given exj)erimeiital c-onditions arc above the limiting value. 


Btudiks on the Sexual Cycle of the Liearu H. Flavivirioik (Ruppkl). By 8. JT. 
Dutta^ Zoology Department, University of Allahabad. 

The ]>aiJer deals with the seasonal variations in the gonads and in the genital duets of the lizard 
H, falit>iridi$» The occurrence of a corpus luteum in the ovary of the lizanl is recorded and the 
structure is destTilxH:! in detail. 


Cytolooical Btudies in Cajantts. The Bomatic Chromosomes and the Pro-chromosomks. 

By Naithani. 3* P, (Coramunujated by Dr. R K. Baksena.) 

The present investigation deals with the study of Somatic Chromosomes and the pro-ohromo* 
somes m Cajanus. 

The seeds of diflerent varieties were obtained from Pusa and Cawnpore and some were secured 
locally from the market. 

The Bomatic Chromosomes were studied from root-tips, which were fixed mostly in Meeda's 
modification of Nawashin’s fiuid. 

The most desirable time to fix the root-tip was found to be between 10 and 12 P.M. In ajl the 
types studied, the diploid numlier of Chroraosomts is twenty -two No morphological differences is 
noticed between the Chromosomes of the different varieties. The ohromosomes however differ among 
themselves, some being slightly curved and others V and J-Bha|)ed, Two of the chromosomes bear 
small BateUites, Somatic pairing of Chromosomes is exhibited in the various types. 

At the resting stage the chromosomes, instead of forming portions of reticulum, renidH 
condensed and highly Chromatic demonstrating conspicuous pro-chromosomes. A careful actrount of 
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these chromatic bodies showed that their nttmber is twenty -two. There is thus a pnxdse lorrospon- 
denee between the pro-chromosomes and the number of chroniosomes at metaphase. 


Leptotene Thbrad. Chjiomombre or Chromonrwic. By Naiihnni, S, P, (Commuuicatod by 
Dr. H. K. f^ksena ) 

A photo-micrographic evidence is provided to show tliat the leptotem* and Zygotene thre 4 idH are 
Ohromoncmic and that the so-called Chromoracrs arc the optical images of the twist of the finely 
coiled spirals The causes of the spirilizatkm are discussed 


BVNTHEHTH or (tROWTH-PROMOTINO BitBSTANCRS by some HPKCIES or rUE (fEKUK PYlHirAf. 

By /?. K*8akaena, Department of Botany, Uinversity of Allahabad. 

1. The nutrient solution used containing mineral salts and ; ure dextrose does not contain 
any appreciable amount of growth-promoting substances. 

2. Pythium arrhenontanea, P. delienae, P. gramini solum, P. hyphaloaticion and P, mamil’ 
latum are cspable of unlimltCHl growth in the nutrient solution. 

H, The results of the experiments show that the organisms are capable of synthesizing their 
own growth-promoting 8ul>stances from the simple ingredients of the nutrient solution. 

i. Such growth- promoting substances manufactured by the organisms are also given ofi'by 
the mycelium into the solution, 

6. The addition of thiamin to the nutrient solution has no marked effect on the growth of these 
organisms. 

6. The failure of Pythium arrhenomanaa and P. hyphaloatioton to grow in the synthetic 
liquid medium used by Robbins and Kavanagh is found to be due to the concentration of the medium. 
It is suggested that the concentwCtiou hinders the synthesis of growth-promoting substances and thus 
affects the growth. 


IMPORXAXOK of GROWTH-PROMOTINO SlTBSTANORg JN THE MKTABOrJSM OF PyTHUTM IxOTOO- 
FRRAR Boterk. By K Sahaana, Botany Department, University nf Allahabad. 

1. Pythium indigofaraa does not grow on a synthetic medium in which the source of nitrogen 
is not peptone 

2. It does not require a complex nitrogenous molecule as such, as shown by the fact that it 
grows on a medium in which peptone is completely hydrolysed to its constituent amino-acids 

3. While there is good growth on peptone and hydrolysed peptone there is no growth on a 
mixture of amino-acids which is representative, as far as possible, of the hydrolytic products oi a 
complete protein. 

4. The addition of thiamin to the synthetic medium, in which the source of nitrogen is ammo- 
nium nitrate, does not induce growth. 

5. The fungus Is capable of growing in butter-milk, but the utilization of casein of butter-milk 
ia conditional on the Ipresenoo of a growth*|w>moting substance, whicii is easily separable from the 
milk by olcoboiic precipitation. 
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0. The organism can grcxw on a synthetic mediumi in which the source of nitrogen is amino> 
nium nitrate, when casein extract or lentil extract or ye^at is added to the medium. 

7. The reHiiItft of the experimenta clearly show that the organism does not re8{K)nd to thiamin, 
but requires a complex of growth-promoting substances for its growth. 


Some Observations on the Oytoeody of SAPROLE<miA Delkia, Coker. By R, K. BakMtna 
and JT S, Bhargava. 

1. An account of cytological studies of the vegetative mycelium and the development of 
zooBporangia and zoospores of Saprolegnia ddicay Coker is given. 

2. ObserviitioiiH on the living material ww* made both witli and without vital staining. Even 
when no stain >vas used, fat particles, filamentous mitochondria, vacuoles, nuclei, pre-existing 
corpuscles, and sphaero-crystals were observed in the hyphae. With the help of vacuolar dyes the 
origin and evolution of vacuolar system was studied. Of all the dyes neutral red proved to l)e the 
least toxic. Bphoero-crysljils became more distinct with neutral red. No rnetachromatie corpuscles 
were found in the hyphae. With Janus green Hi>cht B and dahlia violet, filamentous mitochondria 
became more distinct and were also seen in the prot'(«8 of fragmentatiem and vesiculisation. Janus 
green, which was loss toxic than dahlia violet, formed a nduetion product by the activity of 
cytoplasm. 

3. The mycelium was fixed in a numlnw of nuclear and mitochondrial fixatives. For the fixa- 
tion of the mitochondria Holly’s liquid and for the nuclei Flemming's weak solution modifie^l by 
Saksena proved most satisfactory, in fixed preparations the structure of the mitochondria was 
similar to that observed in th<^ living condition. The mail) portion of the nucleus was seen to consist 
of a central body, which takes a dark stain with iron-alum haeraatoxylin. Surrounding this was a 
layer of nucleo-hyaloplasm, which was bounded externally by a distinct nuclear membrane. No 
mitotic division was observed. 

4. The mitochondrial and the vacmolar systems, the nuclei and the development of the zoos- 
porangia and the zoospores were studied both in the living and the fixed material 

5. Of all the mitochondrial fixatives used, corrosive sublimabj- formal gave the best preparations. 
With iron -alum haematoxylin mitochondria were stained black and were seen as long filamentous 
bodies. For the fixation of nueJei Bouin’s fluid and Flemming’s weak solution modified l>y Saksena 
gave good results. No nuclear division was observed within the zoosporangium. 

6. In the fixed preparations of the motile zoospores, which bore 2 cilia, a single nucleus lying 
towards the pointed end was observed. In their resting stage it appeared shifted towards the centre. 
In the germinating zoospores several nuclei were seen distinctly in the germ tube. 

7. With the Golgian technique the so-called * Golgi bodies ^ found in animal cells were not 
observed. Mitochondria, uuckn and the vacuolar cox^ttmte, however, became black. 


A PHYBiOEoort^AL STt^DY OF 8 aproj>K(3Nia Delica, Coker. By R. K Saka^na and JK. A 
Bhargava. 

L Saprolegnia drliea is capable of unlimited growth in a nutrient medium, containing minoral 
salts and pure dextrose, which does not contain any significant amount of growth-promoting sub- 
stances, The results of the experiments show that the organisms axe capable of synthesizing their own 
growth-promoting substances from the simple ingredients of the nutrient solution, feucli 
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growth'promoting 8ub«tauceft matiufactvired by tlio orgauisiu are a\fto given ofl' by the mycelium 
into the Bolutiou, 

2. Addition ot vitamin Bj (Thiamin) to the imtrieut boIuUou haw no marked effect on the 
growth of the fungun, 

H. The fungtiH is capable of utilizing sulphur from cystine and not from suliduites. The mini- 
mum quantity of cystine required for the growth of the fungus in the nutrient nuHliutn in 0 00)5 gm. 
per litre, 

4. Of the 16 carbohydrates and 5 alcohols tested as source of carbon for the fujigus, only 
glucose, lovulose, maltose, dextrin, glycogen, and soluble starch are utilized and are most favourable 
for the growth and acidification of the media. Arabinose, galactose, mannoHe, rliamnose, xylow^, 
lactose, sucrose, rafflnose, inulin, glycerine, crythrito. inannite, duJcite, and sorbite arc no! assi- 
milated. The fact tliat it Ciin utilize maltose starch and glyeogc.n shows that it scoreti^ the enzymes 
maltose, diastase and glycogcnase. 

5. Of the 17 nitrogenous sulwtances tested as source of carbon, only alanine, asparagine, 
asparatic acid, bactoixjptone, cystine., glutamic acid, histidine, and leuciiie an* utilized. 

0. The fungus is capable of utilizing nitrogen from alanine, ammonium jutrato, asparagine., 
aspartic acid, glutamic acid, histidine, tyrosine, valine, and, to a less extent, from leucine and aceta- 
mide. Cystine and Cystiene-hydrochloridc are poor sources of nitrogen supply. 

7. The fungus fails to grow' in nutrient solutions where phosphate is absent. The minimum 
amount of K^HPo* required for the growth of the fungus is 0*0001 gm. per litre. 

8. The fungus is capable of hydrolysing jwq>tone. Ammonificatioii accompanies the reaction, 

9. The fungus cannot hydrolyse fats. 

10. The minimum, optimum, and maximum temperatures for the growth of the fungus are 
4'0, 20*-27*'C, and 32''0, respectively. 

11. The most favourable temperature for the formation of sexual organs is 15*— 2 P C, while every 
high and low tempemtunjs inhibit their formation. Hydrogen-ion concentration of the medium 
ranging from 4’0 to 7*1 has no efieet on their formation. 

12. Of the various media tested for the formation of sexual organs, 006^ haemaglobin solution 
ill water was found to be most useful 


Ij^FLUEXCK op PAmATIOX ON THE RaTE OP R»«PIJiATTON OF SOME COLOOEEO FEOWEft^** Hy 
Shri Banjan and Brij Behari Lai Sak$ena. 

Tlie idant materials used in this work ww* the flowers of Bougainvillea (nxl), NTerium (yellow and 
red), and Ganna (yellow). Osram half watt lamp of 1600 G.P, was usctl as source of lighl througlanit 
the experiment, at a distance of 16", 

The respiration rate in light, in the case of tlie Ganna flowers was the same as that in darkness, 

The respiration ifates of Nerium flowers (both pink and yellow) and Bougainvillea flowers, sh<twe(I 
an increase of respiration soon after they were exposed to light. The high rate, however, was not 
imunUinod and after 6 hours the respiration rate dropped off’ slightly. 


F. 9 
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10-5-35 t * Pinfold, Ernest Sheppard, M.A , F.G.8., Geologist, Attook Oil 
Co., Ltd., Rawalpindi. 

18- 9-^36 * Pramanik, 8. K., M.Sc., Ph.D., D.IiC., Meteorologist, The Obs^atory, 

Alipur, Calcutta. 

3-4-33 t * Prasad, Badri Nath, PhJO^ Dooteur hs Soietic^s, Madteti^os 
Department, Allahabad University, Allahablid, 
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Date of 
Election 


Alphabetical List of MemberH 


6-10-33 

21- 4-33 

16-9-31 

10-5-37 

10-5-37 

10-5-37 

20-12-34 

15-9-87 

3-4-33 

10-5-37 

28-4-37 

10-5-35 

19- 3-31 
15-9-31 

22- 2-33 

20- 4-35 

14-8-34 

22-2-83 

L2-36 

10-6-87 


* Prasad, (xorakh, D.8c., Reader in Mathematics, Allahabad 

University, Allahabad. 

* Prasad, Karata, MJl., M.Sc., Professor of Physics, Science Collejre, 

P. O. Bankipore (Patna). 

t * Prasad, Mata, D.Sc , Royal Institute of Science, Bombay. 

Prasad, Shiva Parbati, M.A. (Cantab.), Professor of Physics, 
Science Collejate, Patna. 

Rahimullah, M., M.Sc., Lecturer in Zoology, Osmania University, 
Hyderabad, 

Rahman, Wahidiir, B.Sc. (Cal.), Professor of Physics, Osmania 
University, Hyderabad, Deccan. 

Rai, Ram Niwas, M.Sc., Physics Department, Allahabad University, 
Allahabad. 

Raina, Shyain Lai, M.Sc., Professor of Biology, S. P, College, 
Srinagar, Kashmir. 

* Ram, Raja, M.A., B.E., Professor of Civil Engineering, Thompson 

College, Roorkee, 

Ramiah, K., Geneticist and Botanist, Institute of Plant Industry, 
Indore. 

Randhawa, M, S., T.C.8., Additional Collector, 2A, Park Road, 
Allahabad. 

t * RangaswamvAyyangar, G. N., Kao Bahadur, B A., I.A.S., Millets 
Specialist to the Government of Madras, Agricultural Research 
Institute, RO. Lawley Road, Coimbatore. 

* Ranjan, Shri, M.Sc. (Cantab.), Docteur fes Sciences, Reader, Botany 

Department, Allahabad University, Allahabad. 

* Rao, A. Subba, D.Sc., Department of Zoology, <\mtral ('ollege, 

Bangalore. 

Rao, G. Gopala, B.A, M.Sc., D.Sc,, Chemistry Department, Andhra 
University, Waltair. 

* Rao, 1. Rama Krishna, M.A., Ph.D., D.Sc., Department of Physics, 

Andhra University, Waltair. 

t ^ Rao, K. Rangadharma, D.Sc., Physics Department, Andhra 
University, Waltair, 

t Ray, Bidhabhusan, D.8c., 92, Upper Circular Road, Calcuttju 

* Ray, J. P., M.Sc , Professor, D.A.V. College, Dehra Dun. 

Ray, Ramesh Chandra, D.Sc., P.I.C., Professor of Chemistry, 
Science College, Patna. 


P. 10 
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Date of 
Election 

21-12-31 

23-4-37 

29- 2-32 
1-1-30 t 

1-1-30 t ^ 

17-4-31 * 

1-2-36 

10-5-87 ^ 

31-10-35 t * 
3-4-33 * 

30- 4-35 t 

17-12-85 t 

20-12-34 * 

19-3-31 * 

31-10-35 ♦ 


10-5-37 

31-10-35 

16-9-81 


18-9-38 


Alphabetical Liet of Members 

Ray, Satyendra Nath, M.Sc,, Physics Department, Lucknow 
University, Lucknow. 

Rode, K.P., M.Sc., Asst. Professor of Geology, Benares Hindu 
University, Benares. 

Saha, Jogendra Mohan, M.Sc., Manager, Sitalpur Sugar Works, 
P.O. Digwara, Dist Saran. 

Saha, M.N, D.Sc., F.R.S., F.A 8.B., F. Inst P., PJIS., Palit Professor 
of Physics, University College of Science, 9?, Upper Circular 
Road, Calcutta. 

Snhni, B, D.Sc., So.D, F.RS., Professor of Botany, Lucknow 
University, Lucknow. 

Sane, 8. M., B.Sc., Ph.D., Reader, Chemistry Department, Lucknow 
University, Badshah Bagh, Lucknow. 

Saxena, Ram Kumar, D.Sc, Lecturer in Botany, AUaliabad 
University, Allahabad. 

Sayeeduddin, M., M.A., B.8c., Professor of Botany, Osmania 
University, Hyderabad, Deccan. 

Sea, Jitendra Mohan, M. Ed., B.So., TeacheFs Dip., P.RG.8., 
D.Ed., Principal, Krishriagar College, Krishnagar. 

Sen, K. C., D.Sc., OflScer-in-charge, Animal Nutrition Section, 
Imperial Veterinary Research Institute, Izatnagar, U. P. 

Sen, Nikhil Ranjan, D.Sc, Professor of Matlmmatics, 92, Upper 
Circular Road, Calcutta. 

Sen Gupttt^ N. N., Ph.D., Professor of Psycimlogy, Lucknow 
University, Lucknow. 

Sen Gupta, P.K., D.Sc,, Asstt. Meteorologist, Indian Meteorological 
Office, Alipur, Calcutta. 

Sethi, Nihal Karan, D.Sc., Agra College, Agra, 

Shabde, N. G., D.8c., Professor of Mathematics, College of 
Science, Nagpur. 

Shnrma, Dhyan Swamp, B.So., 40, Kaiserbagh, Lucknow. 

Sharma, P. N,, M.8c., Physics Department, liucknow University, 
Lucknow. 

Sharma, Ram Kishore, M.Sc., Physics Department*, Ewing 
(Christian College, Allahabad. 

Shukla, Janardan Prasad, M.So., Indian Institute of Sugar 
Technology, Cawnpore, 
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Date of 
Election 


Alphabetical List of Members 


3-4-33 t * 

3- 4-33 

10-6-37 t 

17-12-35 

10 - 5-37 

18- 9-35 

4- 9-39 

19- 3-31 t 

10-8-33 ^ 

15- 9-31 * 

19-12-32 ♦ 

17-4-31 t ♦ 

20- 4-36 t * 
17-12-35 

9-11-35 

4-9-39 

19-8-81 * 

16- 9-86 


8iddiqi, M R., Ph.D., Professor of Mathematics, Osmania Univer- 
sity, Hyderabad, Deccan. 

Siddiqui, Mohammad Abdul Hamid, M A.. M.S., F.R.C.S., D.LO., 
Professor of Anatomy, Kinjj George's Medical College, 
Lucknow. 

Singh, Bawa Kartar, M. A. {(Cantab), So.D., FJC, J.E.S,, Professor 
of Chemistp’, Science College, and Chemical Adviser to the 
Department of Industries, Bihar, Patna. 

Singh, Bhola Nath, D.Sc, Kapnrthala Professor of Agricultural 
Botany and Plant Physiology, Head of the Institute of Agri- 
cultural Research, Hindu University, Benares. 

Singh, T. C. N., D.Sc., Asst Economic Botanist, Tn-chargc, 
Botanical Section, Sabour (Bihar). 

Srivastava, Bishwambhar Nath, M.Sc, D.Sc. (Alld.), Lecturer, 
Physics Department, Allahabad University, Allahabad. 

Srivastava, Girja Dayal, M.Sa, Lecturer in Botany, Allahabad 
University, Allahabad. 

Srivastava, P. L , Rai Sahib, M A., D.Phil., Reader, Mathematics 
Department, Allahabad University, Allahabad. 

Srivastava, R. C., B.Sc. (Tech.), Sugar Technologist, Imperial 
Council of Agricultural Research, India, Cawnpore, 

Srikantia, C., B.A., D S., Medical College, Mysore. 

Strang, J. A., M.A., BSc, Professor of Mathematics, Lucknow 
University, Lucknow. 

Sulaiman, Hon^ble Sir, 8. M., Kt, M.A., LL.D., D.Sc., Judge, Federal 
Court of India, Delhi. 

Sur, N. K, D.Sc., Meteorologist, Meteorological Department, 
Poona, 

Tandon, Aniar Nath, M Sc., D.Phil., Physics Department, Allahabad 
University, Allahabad. 

Tandon, Prem Narain, M.8c., I.C.S., Under-Secretary to Govt., 
Political and Apptt. Deptt,, Patna. 

Tewari, Sri Goviud, M.A., Mathematics Department, Allahabad 
University, Allahabad. 

Toshniwal, G R., MiSc. (AUd), D.Sc. (Alld), Physics Department, 
Allahabad University, Allahabad. 

Trivedi, Hrishikesh, M,So., D.Sc, Physical Assistant, Government 
Test House, Judge^s Court Road, Alipur (Calcutta). 
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Date of 
Election 


Alphabetical List of Members 


3-4-34 

9-2-34 

19-3-31 


20-4-35 


20-4-35 


i-1-30 


Varma, Rama Shanker, M.Sc*, Christ Church Collejfe, Cawnpore. 
Vaugh, Mason» B.Sc. lingj, Agricultural Engineer, Allahabad 
Agricultural Institute, Naini, (Allahabad), 
t * Vijayaraghavan, T., D.Phil., Reader, Mathematics Department, 
Dacca University, Ramna, Dacca. 

t * Vishwanath, B., Rao Bahadur, P.I.C., Director, Imperial Agricultural 
Research Institute, New Delhi, 

t * Wadia,D.N.,M.A, B.Sc., F.aS, F.R.aS„ Deptt of Mineralogy, 
Col umbo, Ceylon, 

* Wali, Mohammad, Cb., M.A., Ph.D., I.E8., Professor of Physics, 
Lucknow University, Lucknow. 


N, fi.— The Beeretaries will be highly obliged if the raeinbern will kindly bring to their notice 
crrorB, if there be any, in their iitJoK, dogrecfi, and addressea. 



APPENDIX 8 
Li8t of Exchange JoirjtNArji 
INDIAN 


Pubiisliers 

BANGALORE 

The Indian Academy of Sciences 

») 

The [ndiaii Institute of Science 


Department of Electrical Techno- 
logy, Indian Institute of Science 
Society of Biological Chemists, India 

BOMBAY 

Haffkiiie Institute 

CALCUTTA 

Asiatic Society of Bengal 


tt 

>1 

National Institute of Sciences of 
India 

n 


Journals 

Proceedings of the Indian Academy of 
Sciences^ Section A 
„ Section B 

Journal of the Indian Institute of 
Science, Section A 
„ Section B 

Quarterly Journal of the Indian Insti- 
tute of Science 

Current Science 

Electrotechnics 

Proceedings of the Society of Biological 

Chemists, India 

Report of the Haffkine Institute 

Journal of the Asiatic Society of Bengal 
(Letters) 

Journal of the Asiatic Society of 
Bengal (Science) ■ 

Year Book 

Journal and Proceedings of the Asiatic 
Society of Bengal 

Proceedings of the Indian Science 
Congress 

Transactions of the National Institute 
of Sciences of India 

Indian Science Abstracts 

Proceedings of the National Institute of 
Sciences of India 


81 



( 82 ) 


Publishers 

CALCUTTA 

National Institute of Sciences of 
India. 

Indian Association for Cultivation of 
Science 

Bose Research Itkstitute 

Indian Science News Association 
Indian Chemical Society 

Oxford University Press 
Calcutta University 

COONOR 

Nutrition Research Laboratories 

MADRAS 

Department of Fisheries 
Madras Government Museum 

NEW DELHI 

Industrial Research Bureau 

Imperial Council of Agricultural 
Research 


NAGPITR 

Nagpur University 


Journals 


Report of the Council of the National 
Institute of Sciences of India 
Indian Journal of Physics and Proceed- 
ings of the Indian Association for 
the Cultivation of Science 
Tninsactions of the Bose Research 
Institute 

Science and Culture 
The Journal of the Indian Chemical 
Society 

Indian Physico-Matheiuatical Journal 
Journal of the Department of Science 


Publications of the Laboratories 
(Publiciition discontinued from 1938) 


Journals, Administration Report 
Bulletin of the Madras Government 
Museum, Natural History Section 

Bulletin of the Indian Industrial 
Research 

Indian Journal of Agricultunil Science 

Indian Journal of Veterinary Science 
and Animal Husbandry 
Scientific Monographs of the Imperial 
Council of Agricultural Research 
Agriculture and Livestock in India 
Annual Report 
Indian Farming 

Nagpur University Journal 



f 83 ) 


Publishers 

HYDERABAD (DECCAN) 

Osmania University 

PATNA 

Philosophical Society, Science College, 
Patna, 

POONA 

Indian Meteorological Department 


Journals 

Journal of the Oatnania University 

Bulletin of the Patna Science College 
Philosophical Society 

Scientific Notes 

Memoirs of the Indian Meteorological 
Department 
Seismological Bulletin 


FOREIGN 

AuSTltAULA 


ADELAIDE 

The Royal Society of South Australia 

EAST MELBOURNE 

Council for Scientific and Industrial 
Research 

>1 

Radio, Research Board Council for Sci- 
entific and Industrial Research 

MELBOURNE 

Royal Society of Victoria 

SYDNEY 

Royal Society of New South Wales 


Transactions of the Royal Society of 
South Australia 

Journal of the Council for Scientific and 
Industrial Research 

Pamphlet of the Council for Scientific 
and Industrial Research 
Annual Report 

Bulletin of the Riidio Research Board 


Proceedings of the Royal Society of 
Victoria 
Annual Report 

Journal and Proceedings of the Royal 
Society of New South Wales 



Publishers 


JotirnalB 


Austria 

VIENNA 

Akademie der Wissenschafteii Anzeiger (Mathematisch-naturwissen- 

schaftUche Klasse) 

„ Anzeigcr (Philosophisch-historische 

Klasse) 

„ Almanach 

BKUOniM 

BRUSSELS 

L'Acaderaie Royale de Belgique Bulletiu de la ( -lasse des Sciences 

„ Annuaire de PAeadeinic Royale de 

Belgique 


Canada 

OTTAWA 

The Royal Society of Canada Transactions of the Royal Society of 

Canada 

„ Biological Sciences 

The National Research Council Annual Report 


TORONTO 

The Royal Astronomical Society of 
Caimda 

VICTORIA 

The Dominion Astrophysical Obser- 
vatory 

^INA 

NANKING 

National Research Institute of Bio- 
logy, Academia Sinica 

Zoological Society of China, Acade- 
mia Sinica 

National Research Institute of Che- 
mistry, Academia Sinica 

SHANGHAI 

National Research Institute of Phy- 
sics, Academia Sinica 


Journal of the Royal Astronomical 
Society of Canada 

Publications of Dominion Astrophysical 
Observatory 


Sinensia 

Chinese Journal of Zoology 

Memoir of the National Research 
Institute of Chemistry 

Scientific Papers of the National Re- 
search Institute of Physics 
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Publiiihera Joarnoie 

Dewmabk 

COPENHAGEN 

Det Kgl. Danake Videnakabernea Mathenmlisk-fyaiake Meddelelaer 
Selakab. 

„ Biologiske Meddelelaer 

L’Academie Royale dea Sciences et M^moires de l’acad<iniie Royale des 
des Letters de Denmark Sciences et des Letters de Denmark 

Laboratoire Carlsberg Comptes-R^dus des Travaux du 

Laboratoire Carlsberg 

Egypt 

CAIRO 

The Egyptian Medical Association Journal of the Egyptian Medical Asso- 

ciation 

Head of the Faculty of Medicine Tremetodes of Fishes from Red Sea 

Ewoland 

ABERDEEN 

Imperial Bureau of Animal Nutrition Technical Communications 

ABERYSTWYTH 

Imperial Bureau of Plant Genetics ; Bulletins 

Herbage Plants. 

ST. ALBANS, HERTS 

Imperial Bureau of Agricultural Helminthological Abstracts 

Parasitology 

„ Bibliography of Helminthology 

CAMBRIDGE 

Imperial Bureau of Plant Genetics, Plant Breeding Abstracts 
School of Agriculture 

The Philosophical Society Proceedings of the Cambridge Phi- 

losophical Society 

EDINBURGH 

The Royal Society Of Eldinburgh Ptooeedings of the Royal Society of 

Edinburgh 


P. 11 
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PublislifirB Jaunials 

HARPENDKN 

Imperial Bureau of Soil Science, Technical Communications 
Rothamsted Experimental Station 

„ Soils and Fertilizers 

„ Reprints 

„ Reports 

„ Pamphlets 

EAST MALLING, KENT 

Itnporial Bureau of Fruit Production Horticultural Abstracts 
LONDON 

The Electrician, Bouverie House Electrician 

TEDDINGTON, Mn)DLESEX 

The National Physical Laboratory Reports of the National Physical 

Laboratory 

„ Collected Researches of the National 

Physical Laboratory 

France , . 

PARIS 

LTnstituto Henri Poincare? Annales de ITnstitute Henri Poincar^ 

De La Station Bioloejique de Roscoff Trnvaux de la Station Biologique de 

Roscoff 

RENNES 

De La Societe Scientifique de Bulletin de la Soci^t^ Scientifique de 
Bretagne Bretagne 

Germany 

BERLIN 

Preussischen Akadeniie der Wissens- Sitzuugsberiohte Der Preussischen 
ohaften Akademie 

Dentschen Chemischen GeselUchaft Bericbte Der Deutschen Chetnischen 

Geseilschaft 
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Publishers 

GOTTINGEN 

Gasellschaften Wissenschaften zn 
Gottingen 


« 

HEIDELBERG 

Heidelberger Akademie der Wissens- 
chaften 

LEIPZIG 

Sachsische Akademie der Wissens- 
chaften 

MUNCHEN 

Bayerischen Akademie der Wissens- 
chaftea zu Mfinchen 


Journals 

Nachrichten von der Gasellschaft der 
Wissenschaften zn Gottingen 
Matheinatiseh-Physlkal ische Klasse 
Pachgruppe I. Mathcmatik 

„ II. Physik, Astronomic, 

Geophysik Technik 
„ III. Cliemie, einsehl. 

Physikalischt; Ohemie. 

„ IV. Geologie und Mii»ero- 
logie 

„ V^. Geograplue 

„ VLBiologie 

Geschaftliche Mitteilungen 

Sitzungsberi(;hte der Heidelborger 
Akademie der Wissenschaften, 
Mathematisch-naturwissenschaft- 
liche Klasso 

Berichte der Matheinatishe Physis- 
chen Klasso 

Abhandiungen der Mathemntisch- 
Physischen Klasse 

Sitzungsberiehte der Mathematisch- 
naturwissenschaftlichen Abteilung 


GRONINGEN 

Kapteyn Astronomical Laboratory Publications of the Kapteyn Astrono- 
mical Laboratory 

LEIDEN 

Ekmerlingh Onnes Laboratory of the Communications from the Physical 
University of Leiden Laboratory of the University of 

Leiden 

Communications from Kamerlingh 
Onnes Laboratory 
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Publbbiers 


JottMab 


BUDAPEST 

Der Uiigarischei) 
Wiasenschaften 


Hpnoaby 

Akademie der Mathematisher iind 
achaftlicher Anzeiger 


Naturwissen 


PALERMO 

Circolo Mathetnatico di Palermo 
ROME 

International Institute of Agriculture 
VENICE 

Centro Volpi Di Elettrologia 


HIROSHIMA 

Hiroshima University 

KEIJO 

Medical Faculty, Eeijo Imperial 
University 

KYOTO 

Physico-chemical Society of Japan, 
Kyoto Imperial University 

OSAKA 

The Faculty of Science, Osaka Impe- 
rial University 


SAPPORO 

The Faculty of Science, Hokkaido 
Imperial University' 

SENDAI 

Imperial University of Tokiktt 


Italy 

Rendiconti del Circolo Mathematico 
di Palermo 

Monthly Bulletin of Agricultural Science 
and Practice 

Bulletin of the Centro Volpi Di 
Elettrologia 

Japak 

Journal of Science of the Hiroshima 
University, Series A 

The Keijo Journal of Medicine 


Review of Physical Chemistry af 
Japan 

CoUected Papers from the Faculty of 
Science 

Collected lepers from the Phculty of 
Medicine 

Journal of the t'aoulty of Science, 
Series 1, Mathema^cs 

Science Reports of the Toboku 
Jinperisl Univenify 
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PublisherB 

TOKYO 

Tbe Imperial Academy 
Tbe Institute of Physical and Chemi- 
cal Research 

The National Research Council of 
Japan 

»» 

41 

44 

44 

44 

The Physico-Mathematioal Society of 
Japan 


Journals 

Proceedings of the Imperial Academy 
Scientific Papers 

Japanese Journal of Mathematics 

Japanese Journal of Botany 
Japanese Journal of Physics 
Japanese Journal of Astronomy and 
Geophysics 
Report 

Report of Radio Research 
Proceedings of the Physico-Mathema* 
tical Society of Japan 


MANCHOcrKtro 

HSINGHING 

The Institute of Scientific Research Report of the Institute of Scientific 

Research 


New Zealand 


WELLINGTON 

Royal Society of New Zealand 


Transactions and Proceedings of the 
Royal Society of New Zealand 


PmLiPPiNE Islands 

MANILA 

Bureau of Sciences, Department of Philippine Journal of Science 
Agriculture and Commerce 

Poland 

ORACOVIK 

Acad^tnie Polonoise des Sciences et Comptes Bendas Mensueis des Stances 
des Lettres de ia classe des Sciences Math^mati- 

quea et Naturelles 

„ Comptes Rendus MensueU des S^tiees 

de la clafl(6e de MMeoine 
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Publisher® 

CRACOVIE 

Acad^raie Polotioise des Sciences et 
des Lettres 

»» 

♦ » 

»> 

Polska Akademja Umiejetnorfci 
»» 

WARSAW 

Soci^td des Sciences et des Lettres de 
Varsovie 

»» 

»» 

Polish Physical Society 


Journals 

Bulletin International, classe des Scien- 
ces Mathdniatiques et Nature! les, 
l^erie A: Sciences Math^rnatiques 
Bulletin International, classe des Scien- 
ces Mathcinatiques et Naturelles, ^erie 
B : Sciences Naturelles (I) 

Bulletin International, classe des Scien- 
ces Matlu’jrnatiqucs et Naturelles, 
faerie B: Sciences Naturelles (II) 
Memoires, classe des Sciences Mathe- 
matiqucs et Naturelles, i^erie A : 
Sciences Matlu^matiquee 
Menioires, classe des Sciences Math(5- 
niatiqacH et Naturelles, ^^erie B : Scien- 
ces Naturelles 

Bulletin International, classe de 
decinc 

Memoires classe de Mddecine 
Starunia 

Travan^x Geologiques 

Comptes Rendus des IS^eances, class I 
(jczykozna'wstwa i historji literatury) 
Comptes Rendus des iSeances, class II 
(historycznych, spolecznych i filozo- 
ficznych) 

Comptes Rendus des Seances, class III 
(matematy czno-fizy camych ) 

Comptes Rendus des l^eances, class IV 
(bilogicznyoh) 

Acta Physica Polonica 


Romania 

JASSY 

Umversitatia Din Jasi, Serainarul Annals Scientifique. 
Matmatio • 
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Publishers - Joumals 

SoTJTH Afbioa 

CAPE TOWN 

Royal Society of South Africa Transactions of the Royal Society of 

South Africa 

Sweden 

LUND 

Kungl, Fysiografiska Skllskapets Kungl. Fysiograiiska S&llskapets For- 

handlingar 

STOCKHOLM 

Kungl. Svenska Vetenskapsakadeniie Kungl. Svenska Vetenskapsakadetniens 

Handiingar 

UPPSALA 

Uppsala Universitet Uppsahl Universitets Arsskrift 


GENEVA 


Switzerland 


8oci(it^ de Physique et d’ Histoire 
Naturelle de Geneve 


Coinpte Rendu des Stances de La 
Societe de Physique et d’ Histoire 
Naturelle de Genfeve 


Union of Soviet Sociaust REPirBUcs 


KHARKOV 

Chaikovsakaya 16 

LENINGRAD 

The Akademie der Wissensohaften 
MOSCOW 

De I’Acadiimie des Sciences de 

ruRss 

De I’Acad^mie des Sciences de 
rURSS 


Physikalische Zeitschrift der Sowjet- 
Union {stopped after March, 1938) 

Bulletin de I’Academie des Sciences 
Matb^matiques et Naturelles 

Coniptes Rendus (Doklady) 

Bulletin de l’Acad<imie dee Sciences 
de I’URSS classe des Sciences Math^ 
matiques et Naturelles 



( ) 


Pabliatiera 

UKRAINE 


JOnmnb 


Acadcmie des Sciences d^Ukraine, Journal du Cycle Physique et de Chetnie 
Kyive 

,, Journal du Cycle Matheniatique 

,, Bulletin de la classe des Sciences Phy- 

sique et Math^Smatiqnes 


United States of America 


ALI.EGHENY CITY 

Allegheny Observatory of the Uni- 
versity of Pittsburgh 

BOSTON 

American Academy of Arts and 
Sciences 


RIO DE JANEIRO 
Institute Oswaldo Cruz 

CALIFORNIA 

The Mount Wilson Observatory 


University library 

Lick Observatory, University of Cali- 
fornia 

CAMRRIDGK MASS, 

Massachusetts Institute of Technology 


Publications of the Allegheny Obser- 
vatory 

Proceedings of the American Academy 
of Arts and Sciences 
Memoirs of the American Academy of 
Arts and Sciences 


Memorias do Institute Oswaldo Cruz 


Contributions from the Mount Wilson 
Observatory 

Communications from the Mount Wilson 
Observatory 

Annual Report of the Director of the 
Mount Wilson Observatory 
Publications in Zoology, University of 
California 

Lick Observatory Bultelin 


Journal of Physics and Mathematics 
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Publishers 

CHICAGO 

The ITniversity of Chicago . 

LAWREN(JE, KANSA8 
The University of Kansas 

MICHIGAN 

Observatory Library, University of 
Michigan 

NEW YORK 

Bell Telephone Laboratories 

American Telephone and Tel (‘graph 
Company 

Roosevelt Wild Life Korest Experi- 
ment Station 

The American Museum of Natural 
History 

New York Academy of Sciences 

American Institute of Physi(*R 
>1 

NEW HAVEN, YALE 

Astronoinioal Obfiei’V!itor.v of Ynle 
University 

American Journal of Science 
PHILADELPHIA 

The Franklin Institute of the State of 
Pennsylvania 

American Philosophical Society 
Academy of Natural Sciences 

P. 12 


Journals 

A s tr op h y sic a 1 J o n r n n 1 

Science* Bnlietin 


Publi(MitionR of the ( )bservatory of the 
Lniversity of Michigan 


Hell Telephone SyBlcni Techni(‘al l^nb- 
lications 

Bell System Teehnieal Jourmii 

Roosevelt Wild Life Annals 

American Museum Novelties 

Annals of the New York Academy of 
Scimiocs 

Review of Scientitic Instruments 
Journal of Chemical Physics 


Transactions of the Astrommiieai Ob- 
servatory, Yale University 
American Journal of Seienc(* 


Journal of the Franklin Instil utt* 

Proceedings of the American IMiiloso- 
phical Society 

Proceedings of tin* Academy of Natural 
Sciences of Philadelphia 
Miscellanea 

Libiwy Annual Report 
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Publishers Journals 

WOODS HALE MASS. 

Marine Biological Laboratory Library The Biological Bulletin 
WASHINGTON 

The National Academy of Sciences Proceedings of the National Academy 

of Sciences 

„ Biographical Memoirs 

Smithsonian Institute Publications 

Department of Commerce, National Publications of the Bureau of Standards 

Bureau of Standard Library 
The Commissionei* of Fisheries Publications 

Caimegie Institute of Washington Magnetic Observations of Sun spots 

Soimi America 

MONTEVIDEO— Uruguay Archivos De La Sociodad Biologia De 

Sociedad de Biologia do Montevideo Montevideo 
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JaNTTARY, 1939 — DEiJKMliER, 193i* 

{ Atra nged A Ipbahetieally) 

1. Annotated Li^t of the Helminths Recorded from DomeHticuted Animals of 
Burma Part II— Cesfcoda, by R. C. Ohatterji, Helmintholo^jical riistitnte, 
University of Ranj^oon. I Communicated by Dr. H. Ji Mohra.) 

CarnoPs Cycle and the Six Thermodynamic Relations, by S. B. L. Matinir, 
The University, Delhi. (Communicated by Dr. D. S. Kotlmri.) 

3. Certain Inconsistencies in the Mathematical Theory of A New Relativity 
of Dr. Sir Shah Sniaimnn, by S. K. Roy, Allahabad University. (Com- 
municated by Rai Sahib Dr, P. L, Srivastava.) 

4. Chemical Examination of Essential Oil Cmniwa aie.sia, by B. K. Malavi) a 
and Sikhibbushan Dutt, Chemistry Department, Allahabad University. 

5. Chemical Examination of the Essential Oil of Hedychhim apivatnw Ham, 
by Jagat Narain Tayal and Sikhibhnslian Dutt, Cheuvistry Department, 
Allahabad University. 

b. Chemical Examination of the Essential Oil from the Peels of Nagpur 
Oranges, by B. K. Malaviya and 8. Dutt, C'hemistry Department, 
Allahabad University. 

7. Chemical Examination of the Fixed Oil from the Seeds of Eaphorlmt 
dramnmloidfs Lam, by Jagat Narain Tayal and S. Dutt, Chemistry 
Department, Allahabad University. 

8. Chemical Examination of the Leaves of N^)da ntderalis Hamilt, Composi- 
tion of the Essential Oil, by Jagat Narain Tayal and Sikhibhnshan Dutt, 
Chemistry Department, Allahabad University. 

9. Chemical Examination of the Seeds of Mavtynia diandra. Composition of 
the Fixed Oil, by Jagat Narain Tayal and Sikhibhnshan Dutt, Chemistry 
Department, Allahabad University, Allahabad. 

10. Colour in Eelation to Chemical Constitution of the Organic and Inorganic 
Salts of Isonitroso-Malonyl-Guanidine, by lone Nitravati Dharam Dass 
and Sikhibhtishan Dutt, Chemistry Department, Allahabad University. 

]1. Oomposition of Patent Still Molasses Fusel Oil of Indian Origin, Part 11, 
by ShikhibhUsban Dutt, Chemistry Department, Allahabad University, 
Allahabad. 
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12, Coufttitutiou of Ouscutnlin, by Mabadoo Prasad Gupta, Jagraj Behari Lai 
and Sikhibhushan Dutt, Chemistry Depurtmcrit, Allahabad University, 
Allahabad. 

13. Oonstituonts of Pkromrpn^ ilalhetgiokleti, Roxb., by Jagraj Behari Lai 
and S. B Butt, ("Chemistry Bepartment Allahabad University. 

11. Contribution to the Morphology of Orohaneha {legyptiam Pare, by (Hrja 
Dayal SrivuBtava, Botany Bepartment, Allahabad University, Allahabad. 

15. EHseiitial Oil from the 8eed« of Ziinthoxylum alattuu Koxb, by Jagat 
Narain Tayal, d. B. Lai and S. Butt, Chemistry Bepartment, Allahabad 
University, 

16. Formation of periodic precipitate in the absence of a foreign gel, Part III, 

Ferric phosphate and ferric arsenate sols., by R. N. Mitra, Chemistry 
Bepartment, Allahabad TTniversity, Allahabad. (Communicated by 
Prof. K. P Chatterji,) 

17. Formation of periodic precipitate in the absence of a foreign gel, part IV, 

Ferric Borate sol., by H. N. Mitra, Chemistry Bepartment, Allahabad 
University, Allahabad. (Communicated by Prof, K, P. Chatterji.) 

18. Infinitesimal Transformations admitted by the action form and the 

Hamiltonian, I, by Iv. Nagabhushan, Mathematics Bepartment, Andhra 
University, Waltair. (Communicated by Br, G. (lopala Rao.) 

]9. Infinitesimal Transformations admitted by the action form and the 

Haunltonian, 11., by K. Nagabhushan, Mathematics Bepartment, Andhra 
I 'niversity, Waltair. (( oirimunicated by Br. G. Gopala Rao.) 

20. Influence of (bncentration on Chemical Reactivity and Light Absorption, 
by A. K. lihattachurya, and S. P. Agarwal, Chemistry Bepartment, 
Allahabad University. 

21. liitermittent Discharge in Mercury Vapours, by Mohd. Aslam, Abdul 

Waheed Khau and R. M. Cbaudhri, Physics Department, Muslim Univer- 
sity, Aligarh. 

22. Kinetics of Slow t ■oagulation of Sols by Electrolytes, by B. Chakravarti 
and S, Ghosh, Chemistry Department, Allahabad University. 

23. New Blood Flukes of the Family Spirorchidac Stunkard (Trematoda) from 
the Marine Turtle Vhelone myiluf^ of the Arabian Sea with observations 
on the Synonymity of Certain Genera and Classification of the Family, 
by H. 11. Mehra, Zoology Department, Allaimbad University. 

24. New Monostomes of the Family Pronocepbalidae Loose, 1901, by Ram 
Krishna Mehra, Zoology Department, Allahabad Univei^ity, Allahabad. 
(Communicated by Br H.R. Mehra) 



26* New Series of Extremely Sensitive 4ind Estimation of Ferrous Iron in 
Traces, by Dr. Sikhibhusbau Dutt, Chemistry Dapartment, Allahabad 
Univeriity. 

26. Note on Sir Shah Sulaiman^s Mathematical Theory of A New Relativity, by 
Sunil Kumar Roy, Govt Intermediate College, Allalmbad. (Communicated 
by Rai Sahib Dr. R L. Srivastava.) 

27. Nutrition of some species of the genus Pythhim in Synthetic Liquid media, 
by Dr. Ram Kumar Saksena, Botany Department, Allahabad University, 

28. Observations on the Development of Zoosporatigium and Liberation of 
Zoospores in AcMya diibm Coker, by M. S, Murdia, Botany Department, 
Allalmbad University. (Communicated by Dr. Ram Kumar Saksena.) 

21). Politropic gas models with variable augular velocity, by P. L. Bhatnagar, 
Mathematics Department, Allahabad University, Allahabad. (Communi- 
cated by Prof. A. C. Banerjt ) 

30. Radion and the Electro-Magnetic Whirl, by Dr. N. S. Japolsky, Royal 
Institution, 21, Albemarle Street, London. (Communicated by Sir Shah 
Muhammad Sulaiman.) 

31. Studies on the effect of ethylene on the ripening process of Guava (Psidixim 
gnava\ by S. Ranjan and G. N. Sapru, Botany Department^ Allahabad 
University, 

82. Studies on the effect of ethylene and sulphur dioxide on the fruits of 
Mangifera indimy by S. Ranjan and V. R Jha, Botany Department, 
Allahabad University. 

33. Tables of Symmetric Functions for Statistical Purpoees, by Dr. M, Ziaud* 
Din, Mathematics Department, Muslim University, Aligarh. (Communi- 
cated by Dr. Ram Behari). 

3J, The Action form and Jacobies last Multiplier, by K. Nagabhushan, Mathe- 
matics Department, Andhra University, Waltair, (Communicated by Dr.G 
Gopala Rao.) 

86 The Importance of the Primary Absorption Process in Photo-Chemical 
Reactions, by A. K. Bhattacharya, Chemistry Department, Allahabad 
University. 

36. Theoty of Zinck^s Reaction, by Jagraj Behari Lai, Chemistry Department, 
Allahabad University. vCommunicated by Dr, 8. B. Dutt.) 
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